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SUMMARY

Under the auspices of the Commonwealth Advisory Aeronautical Research Council
fatigue tests 4,d-bwr made on identical 2L.65 aluminium alloy specimens in the UK,
Canada and Australia; this report statistically examined the results to determine whether
the same answer may come from nominally the same fatigue experiment. Viewing the
complete set of data any differences between the results of the various countries were not
significant. Viewing limited portions of the data some differences were significant. Variance
dfferences were significant only at the lower stress levels used and in volved predominantly
UK (first set) and Canadian results. Differences between means were significant only at
the upper stress levels used and involved predominantly Australian and UK (second set)
results.
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I. INTRODUCTION

In 1960 under the auspices of the Commonwealth Advisory Aeronautical Research Council
(CAARC) a "Fatigue Research Calibration Project" was initiated. The purpose of this project
was to determine whether the normal fatigue test methods in use in different countries produce
the same answer from the same experiment. This "calibration" was regarded as a necessary pre-
liminary step to the conduct of joint fatigue research programmes.

The original participating organisations and countries are: Royal Aircraft Establishment,
United Kingdom; National Aeronautical Establishment, Canada; and the Aeronautical Research
Laboratories, Australia. A suitable specimen was designed and a number were manufactured
in the UK and distributed to the other countries. The three countries made tests under the same
stressing conditions, each using their own procedures and test machines.

Each country has reported its own test resultsl ,2' 3 but, heretofore, no analysis has been made
which addresses the original objective. This objective is still relevant, however; it is still pertinent
to question whether fatigue results contain a "laboratory" effect.

Recently India joined the programme and is planning to make tests similar to those made
in the other countries. Prior to this programme a brief statistical appraisal was made by the
Indian Civil Aviation Department 4 of the test results available from the other countries, but
this examination focused attention on the peripheral question of bi-modal life distributions at
certain stress levels. It did not attempt to examine the results in the framework of the original
objective. The present report is such an examination.

2. MATERIAL AND TEST SPECIMENS

The rather large fatigue specimens, illustrated in Figure 1*, were made in the UK from
BS 2L.65 aluminium alloy extrusions from one cast. The extruded bars were numbered I to 10,
12 to 15, 17, and 19 to 33. Specimens were identified first by the bar number, then from I to 10
according to the position along the bar, commencing from the front end of the extrusion.

The test section of the specimens is almost square and contains a drilled and reamed trans-
verse hole giving a theoretical stress concentration factor (Kt) of approximately 2.3.

The cast chemical analysis and tensile properties of the extruded bars supplied by the
manufacturer (taken from Reference 5) are given in Appendix 1.

3. FATIGUE TESTS

Fatigue tests were made in each country at a mean stress on the net section of 16 ksi (110
MPa) and alternating stress amplitudes (Sa) of 14, 12, 10, 9 and 8 ksi (97, 83, 69, 62 and 55 MPa)
although some tests were run at lower amplitudes. On the average about five specimens were
tested at each stress level by each country, and there was an attempt to evenly distribute the
bar and position numbers of the specimens among the stress levels.

All UK tests were made in a 20 ton (199 kN) Avery Schenck axial-load resonance machine
operating at a frequency of about 35 Hz. Universal fittings were used between the lug ends of
the specimen and fork ends of the test machine to minimise bending stresses. The machine
was calibrated before each series of tests.

The UK made two series of tests in this machine, separated by a five-year period; the only
other noticeable difference between the series was the operator. In the first series of tests there
was a tendency for failures at lower stress levels to occur at the lug ends of the specimens rather

* The testing programme was defined and completed while Imperial units were commonly
used. Dimensions, stresses, etc., are stated in this report in those units, with S.I. equivalents
indicated in parentheses.



that at the central test section with the notch. In the second series kite-shaped pins were used in
the lug ends in place of the original circular-section pins and no lug-end failures were reported.

The Canadian tests were made in a Sonntag SFI0-U fatigue machine fitted with a multiply-
ing fixture giving a maximum load capacity of 50,000 lb (222 kN). The cyclic frequency was 30
Hz and the specimens were clamped rigidly in the grips of the testing machine. Only one grip-end
failure occurred using this clamping system. The accuracy of loading was verified by using a
strain-gauged dummy specimen having dimensions similar to the 2L.65 test specimens but
made from 24S-T4 aluminium alloy. This specimen was calibrated in tension and bending using
a deadweight facility. In the Canadian tests failure was defined as complete separation of the
halves of the specimen.

The Australian tests were made in a 100 ton (980 kN) Amsler hydraulic pulsator. The
first three tests (specimens F13/I, 1/8 and 6/6) were made at a cyclic frequency of 8 Hz and the
remainder at 4 Hz. Loading was through a simple pin joint with the hardened steel pins having
diametrically opposite flats to alleviate fretting. Many of the specimens tested initially failed at
the lug ends of the specimens and this problem was ultimately overcome by plastically expanding
the lug holes with a mandrel.

The cycles to failure for the Australian test specimens were the numbers recorded upon
operation of the machine cut-off system. This usually occurred after the development of a
substantial crack or cracks but before separation of the specimen into two pieces.

During the Australian test programme a static load calibration of the pulsator was made
and it was found to be accurate to within I,, for all its load ranges. One fatigue specimen
was also strain-gauged to measure tension, side and face bending, and torsional strains. Several
series of staic strain measurements were made with this specimen covering the range of loads
used in the fatigue testing. For both bending directions the bending strains, as a proportion of
the tensile strain, decreased as the tensile strain increased. The highest proportions were recorded
at a load of 10,000 lb (44 kN) and were an average of 4.5",, for face bending and 19",, for
side bending.

4. FATIGUE TEST RESULTS

The test results reported by the three countries' .2.3 are listed in Tables I to 4. Figures 2 to 6
show plots of these results ignoring retests after run-outs. The mean curves shown are best-fit
polynomials based on the logarithm of lite and taking the run-out and lug-end values as test
section failures. At each stress level the points were weighted by the reciprocal of the variance
at that level. Figure 7 gives a composite of all the results using the same conditions of plotting
and curve-fitting. (Weighting was inapplicable for the Australian (and hence the composite)
test results since at many of the stress levels there "ere variations in the stress values used.)

5. STATISTICAL ANAI.YSIS

5.1 Data Groups

Since the objective was to compare the laimpuc test results of the sarious countries, a number
of groupings of the data were necessary these groupings arise for the following reasons.

(a) Two series of tests were made hN the I k .,nd itt i sahd to treat them either collectively
or separately.

(b) Not all specimens failed in the test seci,r ,orv lailed in the grips and others remained
unbroken after lengthy testing.

(c) Run-outs and lug-end failures may be considered in two ways. Their lives may be taken
simply as another test section failure at the appropriate stress level. Or they may be used
to estimate the life at which a failure in the test section would have occurred but for
stopping the test

ld) Most Australian tests were made at alternating stress levels a little different in mag-
nitude from thosw used hb the other ounlries. and for valid comparisons it is necessary

. _ _, .. . . , ..



to shift these results to common stress levels. There are various possibilities, however;
for example, a result at Sa - 8.5 ksi (59 MPa) may be moved to either 8 or 9 ksi

(55 or 62 MPa).

For the statistical analyses the main groupings of the data, both combining and separating
the two UK series of test results, were:

(a) test section failures:

(b) test section failures run-outs:

(c) test section failures . run-outs ! lug-end failures.

In addition, ano where appropriate, subdivisions were made to incorporate:

(i) upgraded lives when run-outs and/or lug-end failures occurred at the stress level being
considered, and

(ii) various shifts of the Australian results, achieved by using the shapes of the best-fit poly-
nomials and moving the results to the nearest common stress level.

During the test programmes one specimen tested by Canada and six specimens tested by
Australia, which were unbroken after a long life at a low stress level, were retested until failure
at higher stress levels. These retest results were not used in the present analyses.

5.2 Statistical Tests and Results

For concise description, the various countries are denoted UKI (UK series I). UK2 (UK
series 2). UK (both UK series). CAN, AUS.

All fatigue life data were analysed using the logarithm of the number of cycles and a sig-
nificance level of 0.05 (it was appropriate to use a two-tail test for the pairwise comparisons
described below and a one-tail test for the various analyses of variance). The various manipu-
lations of the data and the statistical tests used for comparisons are described in Appendix 2.

Within the groupings listed in Section 5.1 the data were compared at three conceptual
levels as described in the following sections.

5.2.1 Pairwise Comparisons at Each Stress Level

At each stress level, for pairwise countries (eight valid pairs), variances and means were
compared using F and f tests respectively. These comparisons allow the typical questions to be
answered- Is the mean of UKI different from the mean of CAN at Sa - 9 ksi (62 MPa)? Is the
variance of the UK results at Sa - 14 ksi (97 MPa) different from that of the Australian results?

When the variance ratio (F) test indicated a significant difference between the variances of
a pair, a modified t-test which allows for this fact was used (see Appendix 2).

The result of these comparisons for the various combinations of country pairs and data
groups are given in Tables 5 to I. For 91 "i, of the unique combinations listed there is no sig-
nificant difference between the variances, and for 74", of the unique combinations there is no
significant difference between the means.

The influence of variously shifting the AUS results may be obtained from these tables.
For the unique pairwise comparisons involving AUS data the variance ratio test gave a different
result only in 6",, of the cases when a different shifting of the AUS data was used. Similarly,
the result of significance testing the means was different in only 4",, of the cases. Thus, whether
one arrangement or another was used for moving AUS results to common stress levels, the effect
on pairwise comparisons was minimal.

There is no change to the pairwise comparisons by upgrading the means and variances when
run-outs and/or lug-end failures occurred - compare Table II with Table 10. (Three t the I I
country/stress level combinations suitable for estimating upgraded values were not used in
compiling Table I I and this point is discussed in Appendix 2).

k~3



5.2.2 Analysis of Variance at Each Stress Level (One-way ANOVA)

For each stress level an analysis of variance was made to determine whether differences
between the means of the various countries were significant or not: i.e. whether the differences
were greater or were within the range expected from error (scatter of lives). In cases where the
differences between the means were significant, "Contrasts", see Appendix 2, were used to
determine which set(s) of results caused the differences to be significant.

The ANOVA results are given in Tables 12 and 13 for four and three "countries" respectively.
Differences between the means of the countries occur only at 12 and 14 ksi (83 and 97 MPa).
At 12 ksi (83 MPa) it is always the AUS mean which is different from the means of the other
countries. Similarly at 14 ksi (97 MPa). and where differences are significant, the AUS mean is
different from the means of the others, and, in the four-country comparison at this stress, the
UK2 mean is also different from the means of the others. (In this case, i.e. where both AUS and
UK2 are different from the others, it is noted that these differences may well be correlated.)

This result is contained already, although not definitively, in the pairwise comparisons
of the previous section. Table 14 lists the number of times each country was involved in significant
differences between pairwise means. It is clear that differences occur only at 12 and 14 ksi (83
and 97 MPa): at 12 ksi (83 MPa) AUS is the likely divergent country, and at 14 ksi (97 MPa)
both UK2 and AUS are likely divergent countries.

5.2.3 Analysis of Variance Over All Data (Two-%ay ANOVA)

An analysis of variance was made viewing the data from each country as a whole, using a
two-way classification (countrystresses). This perspective allo~ks the question to be answered-
overall, and by eliminating the effects of stress level, is there any difference between the fatigue
data from the various countries? In addition, the analysis (Appendix 2) allows the determination
of any significant interaction, i.e. a determination of whether some countries perform either
better or worse than the others at some stress levels but not at others.

Again, the data groups were subdivided into three and four countries, using various shifts
of the AUS data. Only data at stress levels common to all countries were used: in all cases
considered the stress levels used were 9. 10, 12 and 14 ksi (62, 69, 83 and 97 MPa).

The results are given in Table 15. In all the cases examined there is no significant difference
between the fatigue data from the various countries (after eliminating the effects of stress level).
neither is there any country/stress interaction.

6. DISCUSSION

6.1. Overview of Results

The question examined by the testing programme undertaken in the various countries,
namely, whether the fatigue test methods used in the different countries would produce the same
answer from the same experiment, can be answered in the affirmative when a global view of the
test results is taken.

There are, however, some differences in the experimental results when viewing only portions
of the data. Significant differences in variances occurred only at the lower stress levels (9 and 10
ksi (62 and 69 MPa)) and involved predominantly UKI and CAN results. Significant differences
in means occurred only at the upper stress levels (12 and 14 ksi (83 and 97 MPa)) and involved
predominantly UK2 and AUS results.

6.2. UK Test Results

The UKI and UK2 results are equivalent at the intermediate stress levels of 10 and 12 ksi
(69 and 83 MPa), but not at the extreme levels of 9 and 14 ksi (62 and 97 MPa). At 14 ksi
(97 MPa) no matter how the data were grouped. the mean of UKI was always significantly
different from the mean of UK2. At 9 ksi (62 MPa). and for the grouping of"test section failures"
only. the variances were significantly different. On the other hand, by analysing all the UK data

4



with the two-way classification technique as described in Append 2, the hypothesis that
UKI = UK2 cannot be rejected, no matter how the data were groupec.

6.3 Factors Contributing to Differences

By focusing attention on those cases where differences exist in the results it is worth briefly
examining some of the factors involved in the experiments which may have contributed to these
differences, The several factors are:

i) different methods of gripping and alignment:

(i) inaccuracies in load setting:

(iii) different frequencies:

(iv) different failure criteria: and

(v) environmental variations.

These are now discussed in turn.
(i) Although the UK and Australia loaded the specimens through the pins, and Canada

rigidly clamped the end sections, the loading method itself is important only as it bears on the
alignment accuracy. This accuracy is unknown except for the Australian tests where the extent
of extraneous loadings were noted (Section 3) as a maximum of 4.50,, of the tensile stress for
face bending.

Intuitively, misalignments can only decrease fatigue life, hence variability in the amount.
from one test to another, should increase scatter and decrease mean life. The test results were
examined at each stress level to determine any correlation between variance and mean life.
No correlation was apparent and hence it cannot be claimed that variable misalignments con-

tributed to the differences.
(ii) Although each country made load calibrations on their respective fatigue machines

there is little indication of how accurately the loads were set and controlled, and, particularly
with the older-type machines used in the investigation, some differences in accuracy may be
expected. Even within recommended 9 loading accuracies differences in life of more than 2 : I
could arise. ' 0

With any of the machines used the percent variability in load setting may be expected
to increase with decreasing applied load. This reasoning leads to a greater likelihood of differ-
ences among fatigue life scatter parameters at lower stresses which in fact occurs with the present
test results. The pattern of variance differences obtained is thus consistent with the possibility
of such differences arising from variable load settings.

(iii) The UK tests were made at a cyclic frequency of about 35 Hz, the Canadian tests at
30 Hz, and the Australian tests at 4 Hz (mostly). It is known that total fatigue life increases with
frequency-:, " a typical example is given in Reference 14 where the average fatigue life of 2024
aluminium alloy specimens tested in rotating bending was doubled at lives less than 106 cycles
by increasing the test frequency from 3 to 24 Hz. At lives greater than 106 cycles frequency
had no effect. The material tested and the frequency range used in Referet :e 14 are similar to
those used in the tests now being examined.

For stress level-by-stress level analysis of variance detailed in Section 5.2.2, and where
significant differences in mean life were demonstrated, the AUS mean life was liwar.s the lowest

*he group. Moreover. the differences in mean life were significant only at the highest stress
levels, These facts accord with the frequency effect noted above. (it could be countered that, in
some of the cases where the AUS lives were the lowest of the group, the UK2 lives were signifi-
cantly higher than the others and yet were obtained at the same frequency as UKI and nearly
the same frequency as CAN. To examine this counter-argument. one-way ANOVAs were made
in these cases after excluding the AUS results. These analyses showed no difference between
the UKI. UK2 and CAN results. It is concluded that when the UK2 mean life is significantly
greater than the others, it is because of the inclusion of the low-fife AUS results in the com-
parison. and not because of the UK I and CAN results being significantly lower. The correlation
of the pattern of mean lives above with known frequency behaviour thus stands.)



(iv) The failure criterion used by Canada was complete separation of the halves of the
specimen, that used by Australia was the operation of a machine cut-off, usually after the develop-
ment of a substantial crack but before complete separation; and the criterion adopted by the UK
was not stated. The different criteria may have contributed to the differences between the fatigue
results of the various countries but there is no way of quantifying the effect.

(v) Extreme values of humidity are known to change the mean fatigue life of aluminium
alloys by a factor of two or more.' 5" 6 On this basis some interlaboratory environmental effect
is expected in the present set of results, but again, as no measurements were reported, the effect
cannot be quantified.

6.4 Comparison with Other Interlaboratory Fatigue Test Programmes

The basic question examined in this report has been the subject of other test programmes, 1 '7 22

the conclusions from which are variable. Concentrating on those programmes which deal with
total fatigue life, one of the earliest reported' 7 was the SiN testing of identical 2024 and 7075
aluminium alloy sheet specimens at R = 0 and R - I by the Langley Aeronautical Laboratory
and the Batelle Memorial Institute. Graphical comparisons of the results were made; there was
excellent agreement at the middle range of stresses used but at the extremes deviations were
apparent. At low stresses, and particularly with the 7075 material, it is obvious by inspection
that the two laboratories produced significantly different results.

Other programmes have also indicated significant interlaboratory differences. Of eight
laboratories in Canada'" making identical tests using axially-loaded 2024-T4 sheet specimens,
only three laboratories could be considered as giving results that could come from the same
population. Seventeen European laboratories' participated in a programme under the auspices
of the Organisation for Economic Co-operation and Development, each testing nine steel
specimens in axial loading at each of three stress levels. A one-way analysis of variance determined
no interlaboratory effect at the lowest of the three stress levels, but quite significant differences
between the different laboratory results were evident at the two higher stress levels.

A more recent European interlaboratory programme 2 o used axially-loaded welded steel
specimens and covered six laboratories, two steels, three welding organisations, three types of
weld, three R-ratios, and (generally) three stress levels. One conclusion from this programme
was that neither the scatter nor the mean lives from the particular laboratories differed
significantly.

In the main these various collaborative programmes come to the same conclusion as the
present one, namely, that an interlaboratory effect is evident at some stress levels but not at
others. However, the results of the recent European programme on welded steel specimens
provide some optimism. It is suggested that. with the knowledge now available on the factors
which may contribute to interlaboratory variability and which thus need to be controlled, and
with recent improvements in load control on fatigue test machines, such variability in fatigue
test data may now be eliminated.

7. CONCLUSIONS

Analysis of the results from fatigue tests made by the UK (two sets of results), Canada and
Australia allow the following conclusions. (The tests were made on identical 2L.65 aluminium
alloy specimens and mainly at stress levels of 9. 10, 12 and 14 ksi (62, 69, 83 and 97 MPa).)

(I) Viewing the data from each country as a whole, there is no significant difference between
the results of the various countries (considered either as three or four sets of results)
after eliminating stress level effects, neither is there any significant country'stress inter-
action.

(2) Viewing limited portions of the data, there are some significant differences between
the results.

(a) With pairwise-country comparisons differences in variances were significant in
9",, of the cases examined. These differences occurred only at the lower two stress
levels (9 and 10 ksi (62 and 69 MPa)) and involved predominantly UK I and Canadian
results.

. 6



(b) With similar pairwise comparisons differences in means were significant in 26U( of
the cases examined. These differences occurred only at the upper two stress levels
(12 and 14 ksi (83 and 97 MPa)) and involved predominantly UK2 and Australian
results. This conclusion is supported by the results from an analysis of variance
and the use of contrasts. When significant differences between means occurred it
was always the Australian results, and sometimes the UK2 results also, which were
different from the others.

(c) It was necessary to shift some of the Australian results to stress levels common with
those used by the other countries: the shifting arrangements used had little effect
on the pairwise comparisons.

(d) When run-outs and/or lug-end failures occurred, a maximum likelihood method
wa, used to upgrade variances and means. There was no change in the results of the
pairwise comparisons using these upgraded values.

(3) Similar conclusions are valid %%hen comparing the two sets of UK results, namely, that
viewed overall there is no difference between them, but when considered stress level-by-
stress level the means were different at 14 ksi (97 MPa), and at 9 ksi (62 MPa) the
variances were different.

(4) A number of factors were examined which may have contributed to these differences.
The known effect of cyclic frequency is compatible with the pattern of significant
differences among the present results and is the most likely reason for such differences.
Load setting and controlling inaccuracies may also have contributed.
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APPENDIX 1

Chemical Composition and Tensile Properties of 2L.65 Aluminium Alloy

(a) Cast chemical anal.isi (o,,)-Reference 5

Cu Mn Mg Fe Si Zn Ti Cr Ni

Range 4.10 053 070 032 0-73 0-19 006 010 -

4"25 0'54 0-73 0-32 0"73 0.19 0.06 0.10 -

Average 4-20 0-54 0-71 032 0-73 019 006 010 -

Spec. BS 2L.65 3.8 0.4 0.55 1.0 0.6 0.2 Ti+Cr 0.2
4,8 1.2 0.85 max. 0.9 max. 0.3 max. max.

(b) Tensile properties of extruded bars - Reference 5.

0.11, Ultimate

Proof stress tensile strength Elongation
(0)

p.s.i. MPa p.s.i. MPa

Front end Range 63,200 436 71,900 496 9
68,300 471 77,500 534 16-5

Average 65,500 452 73.000 503 13

Back end Range 64.100 442 72,100 497 9

69.000 476 75,500 521 16

Average 66.100 456 73,300 505 13



APPENDIX 2

Statistical Techniques

A. Notation

x Loglo (fatigue life)

.x Log mean fatigue life

P Grand mean of log life

.V2 Sample variance of log life

al Population variance

it Number of results

YLevel of significance

a Treatment (country) effects

b Block (stress level) effects

C Interaction effects (between country stress)

e Error

Subscripts:

I. 2 Denote first sample, second sample. etc.

i Denotes treatment (country) number

I Denotes block (stress level) number

k Denotes number of results within any treatment or within any (i.j) cell



B. Pairwise Comparisons

(i) Comparison of variances. F-test

For independent random samples from two normal populations with variance U2..,- the
null hypothesis that U12 __ a22 is accepted against the alternative a 2 9- a:!-' when

.1
2 s ! F , ntI I. n2 I (for v12 2)

(ii) Comparison qo'',nan: t-tsrts

(a) For independent random samples from two normal populations having the same
variance,

• - l . -,

(i1 I ). -' (- I , )2: I

I -•12  2 \ 1 t n.

and the null h'pothesis that .i .., is accepted against the alternative .fi t- i,, when
t < 1 2, 111 n2  2.

(b) For independent random samples from two normal populations whose iariances are
significantl.v diffcrent the Smith-Satterthwaite test'! examines the null hypothesis of equal means
with the statistic

-'I -'2

\ 1 11, . V.12 112

The sampling distribution of t' is approximated by the t distribution with the degrees of freedom
given by

0. 12 n , S2-2"11.,)

n) I i.- I

(iii) Method of dealing with run-outs and lug-end faihres

A run-out or lug-end failure precludes that specimen experiencing a failure in the test
section. In such a case the mean and %ariance calculated for the test section failures which
actually occurred are biassed estimators of the population values for such failures. The method
used to upgrade the values of the means and variances consisted of adding corrections based on
the use of maximum likelihood estimators.7 For uncensored samples the maximum likelihood
inci od gives a biassed estimate of the population variance for a normal distribution by a factor
o.f n(n I): this factor was applied to the computed variances when calculating the F and t
values as above.

There were II country stress level combinations (excluding those below 8 ksi (55 MPa))
which contained run-outs and or lug-end failures. For three of these combinations the computed
variance (and using the appropriate factor) "as e.s.% than the variance calculated using the
run-out, ug-end failure lives as obtained. This anomoly arose only when the group of results
contained one run-out or lug-end failure: the failure of the model is attributed to the data
inadequately representing a normal distribution. These three combinations (UKI and UK at
10 ksi (69 MPa), and UK2 at 9 ksi (62 MPa)) %ere not used in deriving the results given in
Tables II and 12.

C. One-way Atial.i% of IVariance

This analysis examines whether, at each stress level, the total variability of the combined
data is due entirely to the variations within the various country samples (error), or is due partly
to differences among the means of the various countries. The model used to express the
observations is:

.ik p1 • al ; 'ik

i ... .... .... ... _k .



where xik the Ath observation of the ith country.

p grand mean.

a, treatment (country) effects.

e k .'errors".

The analysis assumes that the random variables Xi& are independent and that the individual
populations (countries) are normally distributed and have common variance. (Note that the
assumption of common variance is invalid in some cases see Tables 5 to I I but even so the
method is considered sufficiently robust for the present purpose.)

Since the Mean Square Error (MSE) provides an estimate of the total population variance.
u2, and the Mean Square of Treatments (Countries) provides an estimate of o plus whatever
variability there may be among the individual population means, the variance ratio (F-test
indicates the probability of a "treatments" (i.e. countries) contribution to total .ariabilit.

The Error Sum of Squares (SSE) :0(n 1).% ).

The Treatment (Country) Sum of Squares (SS(Tr)J ,j 2  1(iJ 2'll.

F MS(Tr)'MSE.

An example of these calculations is given heloAv for the case: four "countries", test section
failures run-outs, AUS results shifted using LOGN 9.123 0.0003373 (psi), stress level
12 ksi (83 MPa).

Country ?I i A2 i i nj2 (n I h 2

UKI 3 5.16127 0-012094 15.43831 79.91612 0.024187
UK2 7 5.20418 0.028376 36.42926 189.58443 0.170258
CAN 5 5.20982 0.006472 26.04910 135-71112 0.025888
AUS 4 4.89099 0.023733 19 56396 95.68713 0-071198

SS4Tr) 0-30165

SSE 0-29153

ANOVA

Source of Degrees of Sum of Mean -
variation freedom squares square

Between countries 3 0.30165 0.10055 5.17
Error 15 0"29153 0.01944

Fo. 05 3. 1.5  3"29.
F0 .0 s 1 3 . 5"42.

Thus, there is a significant difference among the country means at the 5",, level.
Where the ANOVA has indicated a significant difference among the means of the various

countries, as in the example above, the mean(s) causing this difference may be determined by
contrasting the mean of each country against the grand mean of the other countries.

Effective Contrast. C. is defined as

itl ioI tI I I r-



Assuming independence of the .'s, and common %ariance.

; (C) (o Il) - (O" Nnooh,.)

Thus. to compare C with the error, a squared Contrast must be defined as:

S of Contrast C2 .(n,-- Iot hr.) - (n • Iother).

Then. SS(Others) SS(Tr) S of Contrast.

A refined ANOVA then determines the means contributing to the significant differences.
The table below gives an example of this calculation for the case shown in the table above.

( ontrast C Square of
I, • hContrast

UKI r. others 0-03363 48 19 0.00286
UK2 v. others 0.11277 84 19 0.05623
(AN v. others 0.10432 70 19 0.04009
AUS others 0.30649 60 19 0.29664

Refined ANOVAs

Source of Degrees of Sum of Mean F
variation freedom squares square

UK I t. others I 0.00286 000286 I
Among others 2 0"29879 0"14939 7-69 FO 52 1.s 3"68
Error Is 0- 29153 0.0144

UK2 v. others I 0.05623 0.05623 2"89 Ffvs. is 4"54
Among others 2 0.24542 0 12271 6.31 FO 05.2.15 3.68
Error 15 0 29153 0.01944

CAN r. others I 0.04009 0-049(X) 2.06 F0 .15 4.54
Among others 2 0 26155 0"13078 6'73 F 0 . 15 3'68
Error I5 0.29153 001944

AUS v. others I 0.29664 029664 15'26 FO I i 4-54

Amongh other% 2 0 () 501 0 W250 1
Error I.i 0 29153 001944

Conclusion: the mean of AUS is signiticantll different from the mean" of the other%.

D. Two-waY Anal.i.s (?f Variant(e

This analysis examines whether, oer all the data from the .arious countries, the %ariabilit r

of the combined data is due to the variations within each countrys data (error). or whether part
of the total variability arises from differences between each countr)'s data. That is. the analysis
examines any "country" effect after allowing for any stress level effect.

The method used s considers a two-way clasilication with unequal numbers (in each countrN
stress cell) and no interaction (between countries and stresses) The model used is:

All j a, b, A



where xIAk kth observation in the (i.j)th country/stress cell,

p grand mean,

at - treatment (country) effects,

b" block (stress level) effects,

e'k "errors".

The method is an extension of the one-way analysis outlined above and it makes the same
assumptions.

An example of the two-way ANOVA is given below for the case: four "countries", test
section failures run-outs, AUS results shifted using LOGN 9-123 -0.0003373S(psi).

ANOVA (two-way)

Source of Degrees of Sum of Mean F
variation freedom squares square

Countries-elimin- 3 0-82515 0.27505 1l17 Fo.05.3 .go 2-73
ating stresses

Stresses- ignoring 3 14.46274 4-82091 20.46 Fo.os.3.so 2.73
countries

Error 80 18-84572 0'23557

Total 86 34.13361

Thus, there is no significant difference between the data from the various countries.
The possibility of interactions between countries and stresses was examined by using the

model:
.riJk it A a, hi a • J • ijk-

where Yij, ai,. bi, 'jk as above.

cu treatment block (country, stress) interaction effect in the (i.j)th cell.

For this model a refined two-way ANOVA may be determined and the table below gives the
results for the case mentioned above.

Refined ANOVA (two-way)

Source of Degrees of Sum of Mean F
variation freedom squares square

Countries - elimin- 3 0-82515 0.27505 1-13 F- 5. 3.7. 1  2"74
ating stresses

Stresses -eliminating 3 14-35024 4.78341 19.68 F0.0 .. 71  2-74
countries

Interaction 9 1.70403 0-18934 I

Error 71 17.25418 0.2402

Total 86 34-13361

From this table it is clear that there is no significant country 'stress interaction.



TABLE: I

Fatigue'remt Rcsult%-L K Stiec I

Mean stress 16.000 p.s.i. (1I10 M Pa)

Alternating stress
Specimen (Sa) Cycles to failure Remarks
number (NI)

p~~. MPa

17/1 14,000 97 53,100 Test section failure
17/5 14,000 97 68,600 Test section failure
15/6 14.000 97 74,000 Test section faildre
22/8 14.000 97 75.600 Test section failure

31/7 12,000 83 125.000 Test section failure
17/4 12,000 83 125,500 Test section failure
121/1 12,000 83 194,200 Test section failure

9/1 10,000 69 184,600 Test section failure
27/10 10.000 69 193,600 Test section failure
26/2 10.000 69 267,500 Test section failure
22/10 10.000 69 398.600 Test section failure
28/1 10,000 69 4,523,300 Lug-end failure

29/8 9.000 62 200.500 Test section failure
4/1 9,000 62 369.400 Test section failure

33 '/7 9.000 62 375.000 Lug-end failure
5/10 9.000 62 465.200 Test section failure
4/6 9.000 62 514.600 Lug-end failure
6/3 9,000 62 618.500 Test section failure

lO/5 9.000 62 3.863.300 Test section failure

3/9 8,000) 55 6035.000) Test section failure
12/4 8.000 55 783.300 Test section failure
2/3 8.000 55 4.914.000O Lug-end fiailure

12 S 8.000O 55 10.617.000O Lug-end failure



TABLE 2

Fatigue Test Results--U K Series 2

Mean stress == 16,000 p.s.i. (I 10 MPa)

Alternating stress
Specimen (S) Cycles to failure Remarks
number (NI)

p.s.i. MPa

4,7 14,000 97 61.600 Test section failure
13/3 14,000 97 90,900 Test section failure
20/10 14,000 97 91,300 Test section failure
33,6 14,000 97 96,800 Test section failure
24/4 14,000 97 105,400 Test section failure
2/10 14.000 97 108.100 Test section failure

25,2 14.000 97 120,100 Test section failure

6/9 12,000 83 76,900 Test section failure
25'5 12.000 83 141,600 Test section failure

3,,2 12.000 83 142,200 Test section failure
32j10 12,000 83 162,600 Test section failure

5,4 12.000 83 192,600 Test section failure
23,3 12,000 83 224,800 Test section failure
147 12,000 83 246,500 Test section failure

2!9 10,000 69 130,900 Test section failure
30/8 10.000 69 142,300 Test section failure
8,2 10.000 69 172,100 Test section failure

13,10 10,000 69 196,900 Test section failure
24,7 10.000 69 203,800 Test section failure
10 I 10.000 69 208,300 Test section failure
33 4 10.000 69 225.300 Test section failure
20 I 10,000 69 3.600,700 Test section failure

17 8 9,000 62 232,50) Te.t section failure
8 10 9.000 62 234,700 Vest section failure

22 I 9.000 62 249,900 Test section failure
I 4 9.000 62 288.100 Test section failure

284 9,000 62 491,700 Test section failure
4 3 9.000 62 499200 Test section failure

31 8 9.000 62 612,8(X) Test section failure
26 7 9.000 62 6.405.100 No failure



TABLE 3

Fatigue Test Results-Canada

Mean stress 16,000 p.s.i. (110 MPa)

Alternating stress
Specimen (Sa) Cycles to failure Remarks
number (Nr)

p.s.i. MPa

32/5 14,000 97 66,000 Test section failure
15/4 14,000 97 72,000 Test section failure
20/8 14,000 97 83,000 Test section failure

5/5 14,000 97 115,000 Test section failure

30/9 12,000 83 135,000 Test section failure
F19!l 12,000 83 138,000 Test section failure

231/6 12,000 83 162,000 Test section failure
10/6 12,000 83 175.000 Test section failure
22/3 12,000 83 212.000 Test section failure

25/7 10,000 69 237,000 Test section failure
24/3 10,000 69 242,000 Test section failure
12/9 10,000 69 378,000 Retest. Test section failure
7/3 10,000 69 475,000 Test section failure

F29/I 10,000 69 10.447,000 Test section failure

26/8 9.000 62 301,000 Test section failure
33/10 9,000 62 357.000 Test section failure
6/10 9,000 62 385.000 Test section failure

13/7 9.000 62 554.000 Test section failure
17/10 9.000 62 20.117.000 No failuic
14/2 9,000 62 30,603,000 No failure

311/2 8,000 55 379,000 Test section failure
9/9 8.000 55 400.000 Test section failure

28/7 8,000 55 454,000 Test section failure
21/6 8.000 55 608,000 Test section failure
8/4 8.000 55 10.318,000 No ,ailure

12/9 8,000 55 20.308.00() No failure

3,8 7,000 48 672,0(0 Test section failure
Fl 'l 7.000 48 777,)00 Test section failure

2/5 7,000 48 2.510,0(X) Test section failure
27/4 7.000 48 20,144,000 No failure
4/2 7,000 48 42.962.000 l-ug-end failure

I.



TABLE 4

Fatigue Test Results--Australia

Mean stress 16.000 p.s.i. I 10 MPa)

Alternating stress
Specimen (SS) Cycles to Lugs Remarks
number failure expanded

p.s.i, MPa (N't)

4,/l0 13.900 96 71,000 Yes Retest. Test section failure
21/5 13,700 94 51,400 Yes Test section failure
29,9 13,700 94 72,500 Yes Test section failure

F301I 13.600 94 63,000 No Test section failure
2810 13,600 94 90,900 No Test section failure

32,2 12.500 86 96,000 Yes Retest. Test section failure
5j6 12.500 86 581,800 Yes Retest. Test section failure

F21 I 11,700 81 66.900 Yes Test section failure
31;4 11,700 81 90,700 No Test section failure
19,4 1 1.700 81 97.300 No Test section failure
8.5 11.700 81 157,600 Yes Test section failure

7 2 I 1,000 76 248,200 Yes Retest. Test section failure
10 9 10.800 74 59.200 Yes Test section failure
14 3 10.800 74 82.100 Yes Lug-end failure

F6 I 10.800 74 111,200 Yes Test section failure
4 4 10.800 74 142.000 Yes Test section failure

20 7 10.800 74 160.00 Yes Retest. Test section failure
13 10.700 74 110,50) Yes Test section failure

3 10 10.650 73 275.200 Yes Lug-end failure

I 8 10.150 70 87,2(X) No Test section failure
32 2 10.150 70 1,093,900 Yes Retest. No failure
4 10 10,150 70 1.100.001 Yes Retest. No failure
5 6 10,150 70 2.918.8X) Yes No failure
3 5 10.000 69 129.500 No Lug-end failure

26 3 9,800 68 136.500 No Lue-end failure
25 8 9,800 68 160.5(X) Yes Test section failure
22 9 9.8(X) 68 164.3(X) No Lue-end failure
23.5 9.800 68 2,328.000 Yes Retest. Test section failure
12,10 9.800 68 9.855.5(0) Yes rest section failure

Continued

Jilt ...



TABLE 4

Fatigue Test Results-Australia

Mean stress - 16,000 p.s.i. (110 MPa)

Alternating stress
Specimen (Sa) Cycles to Lugs Remarks
number failure expanded

p.s.i. MPa (Ar)

4/10 13,900 96 71,000 Yes Retest. Test section failure
21/5 13,700 94 51,400 Yes Test section failure
29/9 13,700 94 72,500 Yes Test section failure

F30/1 13,600 94 63,000 No Test section failure
28/10 13,600 94 90,900 No Test section failure

32/2 12,500 86 96,000 Yes Retest. Test section failure
5/6 12,500 86 581,800 Yes Retest. Test section failure

F2/1 11,700 81 66,900 Yes Test section failure
31/4 11,700 81 90,700 No Test section failure
19/4 11,700 81 97,300 No Test section failure
8/5 11,700 81 157,600 Yes Test section failure

7/2 11,000 76 248,200 Yes Retest. Test section failure
10/9 10,800 74 59,200 Yes Test section failure
14,/3 10.800 74 82,100 Yes Lug-end failure
F6/1  10,800 74 111,200 Yes Test section failure

4/4 10,800 74 142,000 Yes Test section failure
20/7 10,800 74 160,000 Yes Retest. Test section failure

113 10,700 74 110.500 Yes Test section failure
3/10 10,650 73 275,200 Yes Lug-end failure

1/8 10,150 70 87.200 No Test section failure
32/2 10,150 70 1,093,900 Yes Retest. No failure
4/10 10,150 70 1,100,000 Yes Retest. No failure
5/6 10,150 70 2,918.800 Yes No failure
3/5 10,000 69 129,500 No Lug-end failure

26/3 9,800 68 136,500 No Lug-end failure
25/8 9,800 68 160,500 Yes Test section failure
22'9 9,800 68 164.300 No Lug-end failure
23/5 9,800 68 2,328,000 Yes Retest. Test section failure
12/10 9,800 68 9,855.500 Yes Test section failure

Continued



TABLE 4-continued

Alternating stress CNcles to
Specimen (Sa) failure Lugs Remarks
number - Nrl expanded

p.s.i. MPa

15,7 9,000 02 231,300 Yes Test section failure
2,7 9.000 62 436.200 Yes Test section failure

24 8 9,000 62 684,200 Yes Test section failure
98 9,000 62 1,016.300 Yes Test section failure20, 7 9,000 62 10,893.000 Yes No failure

712 9,000 62 13.674.200 Yes No failure

Fi3 I 8,500 59 182.600 No Test section failure
32,:2 8.360 58 6,751,000 Yes No failure
92 8,000 55 209,300 No Lug-end failure

27,6 7,800 54 300.100 No Lug-end failure
23.5 7,800 54 21.074,000 Yes No failure

17,2 6,900 48 325,500 No Lug-end failure
12,6 6,000 41 334,100 Yes Test section failure
6,6 6,000 41 351.000 No Lug-end failure

20,6 5,080 35 717.200 No Lug-end failure
4110 5.000 34 5.200.000 Yes No failure

5,7 4.000 28 710,500 Yes Lug-end failure
7/10 4.000 28 10.456.400 Yes No failure

__ _ _ _ __ _ .



TABLE 5

Results of Significance Tests on Pairwise Means (f-test)
and Variances (F-test)

Data Group: Test Section Failures
AUS results shifted using LOGN 7.533 - 0.0002085 S (p.s.i.)

13.7, 13.6 ksi results shifted to 14 ksi
SI- 7 ksi results shifted to 12 ksi

10.15, 9.8 ksi results shifted to 10 ksi
Results below 9 ksi ignored

Alternating stress (Sa)- ksi (MPa)
Comparison Statistical

of: test 14 12 10 9 8
(97) (83) (69) (62) (55)

UKI-UK2 F NS NS NS *
* NS NS NS(t')

UKI-CAN F NS NS * * NS
t NS NS NS(t') NS(t') NS

UK2-CAN F NS NS NS NS
NS NS NS NS

UK-CAN F NS NS NS NS NS-
NS NS NS NS NS

UKI-AUS F NS NS ** NS
t NS NS NS(t') NS

UK2-AUS F NS NS NS NS
t** NS NS

UK-AUS F NS NS NS
t* * NS(t') NS

CAN-AUS F NS NS NS NS
NS ** NS NS

NS-Difference not significant at 5",, level.
*-Difference significant at 5", level.

** -Difference significant at I", level.
(t') - Modified /-test (Appendix 2).

Same result because UK UK I at 8 ksi.



TABLE 6

R, sults of Significance Tests on Pairwise Means (t-test)

and Variances (F-test)

Data Group: Test Section Failures
AUS results shifted using LOGN 7.270-0-0001867 S (psi)

13-7, 13.6 ksi results shifted to 14 ksi
11 -7 ksi results shifted to 12 ksi

9-8-10.8 ksi results shifted to 10 ksi
8-5 ksi results shifted to 9 ksi
Result at 6 ksi ignored

Alternating stress (Sa)--ksi (MPa)
Comparison Statistical --

of: test 14 12 10 9 8
(97) (83) (69) (62) (55)

UKI-UK2 F NS NS NS *
* NS NS NS(t')

UKI-CAN F NS NS * * NS-
t NS NS NS(t') NS(t') NS

UK2-CAN F NS NS NS NS
NS NS NS NS

UK-CAN F NS NS NS NS NS"
t NS NS NS NS NS-

UKI-AUS F NS NS * NS
t NS NS NS(i') NS

UK2-AUS F NS NS NS NS
t** * NS NS

UK-AUS F NS NS NS NS
* * NS NS

CAN-AUS F NS NS NS NS
NS * NS NS

NS -Difference not significant at 5",, level.

- Difference significant at 5",, level.

* -Difference significant at I",, level.

(t')-Modified I-test (Appendix 2).

-Same result because UK - UKI at 8 ksi.

Bold type-Results same as Table 5.

. . . . . . . . . . . . ._..



TABLE 7

Results of Significance Tests on Pairwise Means (t-test)

and Variances (F-test)

Data Group: Test Section Failures i run-outs
AUS results shifted using LOGN - 8-826-0-0003114 S (p.s.i.)

13-7, 13.6 ksi results shifted to 14 ksi
II .7 ksi results shifted to 12 ksi

9'8-10- 15 ksi results shifted to 10 ksi
Results below 9 ksi ignored

Alternating stress (Sa)-ksi (MPa)
Comparison Statistical

of: test 14 12 t0 9 8
(97) (83) (69) (62) (55)

UKI-UK2 F NS NS NS NS
* NS NS NS

UKI-CAN F NS NS * NS NS'
NS NS NS(t) NS NS"

UK2-CAN F NS NS NS NS
t NS NS NS NS

UK-CAN F NS NS NS * NS +

t NS NS NS NS(t') NS-

UKI-AUS F NS NS * NS
t NS NS NS(t') NS

UK2-AUS F NS NS NS NS
** * NS NS

UK-AUS F NS NS * NS
t ** ** NSQ') NS

CAN-AUS F NS NS NS NS
t* ** NS NS

NS---Difference not significant at 5",, level.

*-Difference significant at 5",, level.

**-Difference significant at I,, level.

(t')-Modified t-test (Appendix 2).

'-Same result because UK - UKI at 8 ksi.

Bold type-Results same as Table 5 (no run-outs).



TABLE 8

Results of Significance Tests on Pairwise Means (t-test)

and Variances (F-lest)

Data Group: Test Section Failures I Run-outs
AUS results shifted using LOGN = 9.123-0.0003373 S (p.s.i.)

13.7, 13.6 ksi results shifted to 14 ksi
II 7 ksi results shifted to 12 ksi

9.8-10-8 ksi results shifted to 10 ksi
7.8-8-5 ksi results shifted to 8 ksi

Results below 7.8 ksi ignored

Alternating stress (Sa)-ksi (MPa)
Comparison Statistical

of: test 14 12 10 9 8
(97) (83) (69) (62) (55)

UKI-UK2 F NS NS NS NS
* NS NS NS

UKI-CAN F NS NS * NS NS"
t NS NS NS(t') NS NS"

UK2-CAN F NS NS NS NS
t NS NS NS NS

UK-CAN F NS NS NS * NS"
NS NS NS NSQ') NS-

UKI-AUS F NS NS * NS NS'
t NS NS NS(t') NS NS'

UK2-AUS F NS NS NS NS
** * NS NS

UK-AUS F NS NS NS NS NS'
I ** ** NS NS NS'

CAN-AUS F NS NS NS NS NS
* ** NS NS NS

NS - Diflerence not significant at 5",, level.

• Difference significant at 5",, level.

Difference significant at I"(' level.

''t Modified t-test (Appendix 2).

Same result because UK UK I at 8 ksi.

Bold type Results same as Table 7.



TABLE 9

Results of Significance Tests on Pairwise Means (f-est)

and Variances (F-test)

Data Group: Test Section Failures -Run-outs -Lug-end Failures
AUS results shifted using LOGN -- 8-472-00002867 S (p.s.i.)

13 -7, 13 -6 ksi results shifted to 14 ksi
I I -7 ksi results shifted to 12 ksi

9-8-10-15 ksi results shifted to 10 ksi
Results below 9 ksi ignored

Alternating stress (S.)- ksi (MPa)
Comparison Statistical

of: test 14 12 10 9 8

(97) (83) (69) (62) (55)

UKI-UK2 F NS NS NS NS
*NS NS NS

UKI-CAN F NS NS NS NS NS-
NS NS NS NS NS-

UK2-CAN F NS NS NS NS
tNS NS NS NS _____

UK-CAN F NS NS NS *NS-

SNS NS NS NS(t') NS-

UKI-AUS F NS NS NS NS
tNS NS NS NS

UK2-AUS F NS NS NS NS
** *NS NS

UK-AUS F NS NS NS NS
t * *NS NS

CAN-AUS F NS NS NS NS
* * NS NS

NS-Difference not significant at 5",, level.

--Difference significant at 5',, level.

**-Difference significant at I"., level.

(1)-Modified f-test (Appendix 2).

-Same result because UK - UK I at 8 ksi.

Bold type- Results same as Table 7.



TABLE 10

Results of Significance Tests on Pairwise Means (t-test)

and Variances (F-let)

Data Group: Test Section Failures .Run-outs .Lug-end Failures
AUS results shifted using LOGN 8.331 0-0002747 S (p.,.i.)

13.7, 13.6 ksi results shifted to 14 ksi
II 7 ksi results shifted to 12 ksi

9-8-10-8 ksi results shifted to 10 ksi
7.8-8.5 ksi results shifted to 8 ksi

Results below 7.8 ksi ignored

Alternating stress (Sa) ksi (MPa)
Comparison Statistical

of: test 14 12 10 9 8
(97) (83) (69) (62) (55)

UKI-UK2 F NS NS NS NS
t* NS NS NS

UKI-CAN F NS NS NS NS NS
t NS NS NS NS NS

UK2-CAN F NS NS NS NS
tNS NS NS NS

UK-CAN F NS NS NS * NS
t NS NS NS NS(t') NS

UKI-AUS F NS NS NS NS NS'
NS NS NS NS NS'

UK2-AUS F NS NS NS NS
** * NS NS

UK-AUS F NS NS NS NS NS'
t * ** NS NS NS'

CAN-AUS F NS NS NS NS NS
t * ** NS NS NS

NS - Difference not significant at 5",, level.

• - Difference significant at 5",, level.

• - Difference significant at I",, level.

(')-- Modified 1-test (Appendix 2).

, '-Same result because UK UK I at 8 ksi.

Bold type- Results same as Table 9.
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TABLE 11

Remilts of Significance Tests on Pairwise Means (1-test)

and Variances (F-test)

Data Group: Test Section Failures i Upgraded Lives (using Maximum Likelihood
Method) for Run-outs and Lug-End Failures

AUS results shifted (before upgrading) using LOGN -8 -31 - 0-0002747 S (psOt
13.7, 13.6 ksi results shifted to 14 ksit

11 -7 ksi results shifted to 12 ksit
9-8-10-8 k, i results shifted to 10 ksit
7-8-8-5 ksi results shifted to 8 ksit

Results below 7-8 ksi ignoredt

Alternating stress. (S,) ksi tMPa)
Comparison Statistical -_____ - - _____ _____

of: test 14 12 10 9 9
(97) (83) (69) (62) (55)

UKl-UK2 F NS
NS

UKI-CAN F NS NS-
t NS NS-

UK2-CAN F NS
NS

UK-CAN F *NS-

NS(t') NS-

UKI-AUS F NS NS NS'
INS NS NS'

UK2-AUS F NS NS
INS NS

UK-AUS F NS NS NS'
INS NS NS'

CAN-AUS F NS NS NS
INS NS NS

NS-Difference not significant at 5",, level.

*-Difference significant at 5",, level.

(/')- Modified m-est (Appendix 2).

" -Same result because UK UK I at 8 ksi.

t -Same as Table 10.



TABLE 12

Results of Analysis of Variance at Each Stress Level for the

Four 'Countries'-LJKI, UK2, Canada, Australia

AUS results shifted
using Alternating stress (Sa)-ksi (MPa)

Data group LOGN =A -B S (psi)

Constant Constant 14 12 10 9 8
A B (97) (83) (69) (62) (55)

Test section 7-533 0-0002085 * NS NS
failures (UK2 ' AS

(AU AUS)

7-270 0-0001867 ** NS NIS(UK2 (AUS)
AUS)

Test section 8-826 0-0003114 ** I * NS NS-
failures (UK2 ) (AUS)

run-outs (AUS)

9-123 0-0003373 ** * NS NS- NS

( UK2)~ (AUS)
AUS)

Test section 8-472 0-0002867 *** NS NS'
failures jUK2) (AUS)
+ run-outs (AUS1
+ lug-end
failures 8-331 0-0002747 *** NS NS' NS(UK2) (AUS)

(AUS!

Test section
failures

rupgraded 8-331 0-0002747 NS NS NS
lives for run-
out and lug-
end failures

NS-Differences not significant at 5",, level.

-~Differences significant at 5',%, level.

**-Differences significant at I ",level.

' -Same result, no AUS shifts necessary.

()-The countries listed in parentheses are those whose mean life was found to be sig-
nificantly different from the means of the others by using Contrasts.
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TABII: 13

Results of Amalysis of Variance at Each Stress Leel for the

Three Countries-lK, Canada. Australia

A US results shifted
using Alternating stress (Sa) ksi (MPa)

LOGN A BS(psi)
Data group

Constant Constant 14 12 10 9 8
A B (97) (83) (69) (62) (55)

Test section 7-533 0-0002085 NS * NS NS
failures (AUS)

7-270 0-0001867 NS * NS NS
(AUS)

Test section 8-826 0.0003114 * ** NS NS
failures (AUS) (AUS)
! ru n -o uts ... . . .. . . . ..

9.123 0.0003373 * ** NS NS NS
(AUS) (AUS)

Test section 8.472 0.0002867 * ** NS NS'
failures (AUS) (AUS)
- ru n -o u ts . . . . .. . ... .. . . .. . ... .. . .

0.ug-end 8331 00002747 * ** NS NS' NS
failures (AUS) (AUS)

NS-Differences not significant at 5",, level.

*-Differences significant at 5",, level.

•* --Differences significant at IP,, level.

X-Same result, no AUS shifts necessary.

- The country listed in parentheses is that %khose mean life %as found to he significantlN
different from the means of the others by using Contrasts.



TABLE 14

Examnation of Countries Involved in S4gficau Differences betwees Pairwise
Means

(Information obtained from I abes 5 to 10)

Number of times Country involved in a significant difference
betw.een pairkise means, at stres level of:

Country
14 ksi 12 ksi 10 ki 9 ksi K ki

(97 MPa) (83 MPa) (69 MPa) (62 MPa) (55 MPa)

UKI 6 0 0 0 0
UK2 12 6 0 0
UK 6 6 0 0 0
CAN 4 6 0 0 0
AUS 16 18 0 0 0

it



TABLE 15

Results of Two-way Analyses of Variance

AUS results shifted
using Between Inter-

Data group LOGN A -- B S (psi) No. of countries action
.countries" (eliminating (countries,'

Constant Constant stresses) stresses)
A B

3 NS NS

Test section failures 7.533 0.0002085 - --
4 NS NS

3 NS NS
7"270 0 '0001867 .... . .. .. ..

4 NS NS

3 NS NS
Test section failures 8.826 0.0003114 -.- -- - .

run-outs 4 NS NS

3 NS NS
9.123 0,0003373 -

4 NS NS

3 NS NS

Test section failures 8-472 0,0002867
. run-outs - lug-end 4 NS NS

failures - --
3 NS NS

8.331 0.0002747
4 NS NS

NS Differences not significant at 5",, levcl.



4.O" 1.5
(1(38.1mm)

bE jReamed holes

P 1.25" (31.8mm) Jia

Reamed hole
__ - 0.5" (12.7mm) dia

t -

o- E

J' .4

Surface finish - Fine machined 16 to 24 micro inches. (0.41 to 0.61l m), free from
Icratcbes. Edges of profile and holes to be sharp and free from burrs.

FIG. 1 NOMINAL DIMENSIONS OF 2L.65 SPECIMENS
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