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SUMMARY

Tensaile fatigue tests were carried out on sheet specimens in
D.T.D. 610B, 5.6B and 6874 with double strap Redux and riveted Joints.
Bonded joints tended to fail by shear of the bond at the higher stress
ranges and by tension of the sheet at the lower stress ranges. Riveted
joints failed by tension across the first row of rivets in all cases,
though tests on three-row riveted joints showed considerable improvement
in endurance over those with two rows of rivets. Endurances were
greater for bonded Joints but with rather more scatter than for riveted
Jjownts, particularly where bond shear was the cause of failure.

1. Introduction

1.1 This report describes and presents the resulls of a prograrme
of fatigue tents on some Redux bonded Joints in sluminium alloy sheet
carried out in the Aircraft Structures laboratory at Imperial College
of Science and Technology. .

Most fatigue data available to date on such Jjoints are obtained from
tests of small single lep joints in thin sheet meterial (18 S.W.G. and
less). As a more fundamental study, in that peeling stresses are
largely eliminoted, the series of tests reported here were carried out
on double lap joints. Moreover, the specimens tested were of considerably
larger size than usual, being mede in 10 S.W.G. sheet with a width of
445 inches and having static strengths in the range 10 - 20 tons. The
materials used"ﬂbr-specimens were aluminium alloy clad sheet to
specificetions D,T.D. 610, 5.6 and '687.

5 Lt - .

1.2 . For &diparison with the Redux bonded joints tests were also
made on riveted joirits -of simidlar simple design. 'All riveted joints
were made iwith=3/16" dia,. snap-Head rivets to' specification L57 (DID 327).
Preliminary-tests 1zd shown-disdppointingly- Yow results for two-row
riveting snd some three-row riveted -joints were also tested to investigate
the effect, if any, of the number of rows of rivets on fatigue strength.

1.3/
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13 The stress condition in the sheet at the joint line was
uniform tensile stress normal to the joint line, the uniformity of
stress across the sheet being checked by strain gauge measurcments on a
typical speceimen. Since, in meny cases, up to three specimens of
possibly different design werc tested simultaneously in series it -as
necessary to standardise to some extent the stress cycles used., Tests
were accordingly run for various values of moaximum load (Pmax) and three
values of minimum load (Pyin) viz. 0, 2 tons, 4 tons,

1.4 As far as possible, cach type of joint wos tested up to an
endurance of 107 cyles. However, this proved impractiiceblic in same cases
on the standard size of joint due to the dufficulty of accurately
obtaining the correspondingly low fluctuating loads required and in
order to overcome this a limited number of speoimens of double width
(9") were manufactured and tested. At the other cnd of the scale
endurances of 104 cycles represented the practical limit due to the
finite time required to build up the load cycle.

1
1.5 In a prcvious note , results were given of some preliminary
tests of the same joint design. For completeness, thege reaults are
incorporated in the present report.

2 Specimens and Tosts

2.1 Pige 1 gives details of the particular Redux joint tested
which was designed to develop as high a static strength as could
reasonably be expected and Fig. 4 shows a complete speccimen.
Preliminary tests had demonstrated that it was uwnsatisfactory merely
to clamp tho plain unreinforced endas of the sheet greoimens dircctly
in the jaws of the testing machine. Not only d4id this lead to failures
at theedge of the jaws under low fluctuating loads but proved trouble-
sore in practice due to the difficulty of aligning correctly the specimen
to obtain uniform stress distributaion and smooth cperation of the
testang machine. Since the uwsual wanisted form of specimen was out of
the aquestion due to the width reguired at the joint line and would, in
any case, have proved unnecessgarily wasteful of material the design
shown in Fig. 4 was adopteds In this the load is applicd via fitted 1"
dia. bolts in the reinforced ends of the specimens. The bolts themselves
passed through specinl fittings permanently clamped in the jaws of the
machine., Vith the adopted scheme, the accurate assembly of specimens
into the machine was enormously facilitateds In addition, it proved
possible to test simultaneously up to three specimens at the same load
by mounting them in series. On failurc of onc specimen, a new one
wos inscrted in the chain in place of the fractured specimen and the
test restartcd. The interruption entailed for the specimens still
intact was so =smoll as to involve negligible influence on the results
due to possible rccovery. For tests over long lifetimes this “chain"
mounting of specimens more than doubled the testing rate in specimen
cycles.

The ecnd reinforcenent of the specirens to take the loading belts
conaisted of 10 §,Ui.G. and 14 S.V.G. doubling plates Redux bonded to the
specamen plate at the same time as the joints werc made. (In tests made
with only the 10 S.%W.G. plates tensile fatigue failures occurred across
the 1" dia. holes). Occasional failurcs of the plate ot the entry
to the reinforcement still occwrred in the earlier tests due to the
stress concentratjon at the change of section and 1t proved neccssary
to radius the cndg of the doubling and reduce the step to the minimum
possible an the milling mechine. (Fig. 5C).

2,2 The design of the double width specimens was identical
with thc standard oncs cxeept for the incrcased width and the two
holes which werc uscd ot ench end (at the quarter width points) to
pick wp the loading bolis. fhege letter located in further special
F1ttings themselves attached by single bolts to the end plates
¢lamped in the testing machine jows. 23/

L}
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2.3 Details of the riveted joants tested oarc egiven in Figs. 2
md 3 The specimens themselves were olhierwise idensical with the Redux ones.

2ol AlL speeimens weie manufactured as continuocus joints across the
full width (4 £%.) of the sheet, the direction of rolling thus being in
all cases along the specimen axas. All joints and doubling plates were
assembled dry and pilot holes drilled for the tack rivets to hold all
parts 1n exact position during curing of the Redusx. Individucl spceceimens
were then successively parted off on a milling machine, the tack rivets
used during curing being so positioned as to be removed durisng the
parting of'f. Machining marks on the cdges of the specimen were
removed by light draw-filing. Riveted joinls were manufactured in
essentaally the same way, the doubling plates being bonded in place
prior to riveting vp the joints.  Specimens 1cre machined to exact width
after roush parting off in order to ensurc symmetric location of the
rivel group. !

2.5 All tests sere run ln the Ioscnhousen U.H.S. Unaiversal
faligue testing machine at freuucncics betiween K00 ond 1,000 cycles
¢r mnute. The method of mounting specimens has alrcady been described
in canncetion with their desisn (2.1). Static ultimate tests on
complete spceimens off all types of joint and control tests on material
samples cut from the sheet material were also carried out on the same
rnachine.

3 Static Wests

3.1 Table I gaves results of tensile control tests on the sheet

materials used an the fatigue tests.  All properties ere well above
specification minirma, Table IT presents results of static tensile
tests on complete speclmens of joints. These results illustrate
clearly the dependence of the statie strength of glued joints oh the
ucchanical properties of the adherents when these arc stressed into

the plastic range. Tnllwre was in all cascs by rupture of the bonding
nedium yet failing siresses are relatcd more to the 0.2% proof stress
of the shect than to o permigsible shear stress in the bond. The
dependence of bond stroength on the geometry of joint is well known and
ariscs duc to the brittleness and high giiffness of the adhesive film.
The high staffress causes rapid diffusion of stress between the
adherents with its heoh attendant shear stresses at the cnds of the
4ot overlap, Plastic strains in the sheet intonsify the offect, being
roughly equivalent to a local reduction of the shect stiffncss, and
since the brittleness of the glac prevents 1ts accommodnting the peak
shear stroains by itself yieldins, foilure takes place at a lover
average stress than would be developed with perfectly elastic adherents.
It should be noticed also that a higher fraction of the ultimate

stress is developed in D.T.D. 687, and 546 sheet (970 and 967
respectively) than an D.T.D. 610 sheet (827%) due to the much earlicr
onsct of plastic strain in this last case. It would appear therefore
that matezraals with a high ratio (0.1% proof stress/ultimate stress)

are inherently morce efficicat as far as static strength is concerncd.

3.2 Failure in the raiveted joants was by shear of the rivets
cxcept for 3-row joints in D.T.D. 610 which failed in tension across
the farat rowv. Static strength results for two-row riveted
Joints show thercfore neglipible differences between dif'ferent
materials. In the three-row joints both D.T.D. 610 and D.T.D. 687
were able to develop approximately 954 of their ultimate stress on
the nett area across a ravet row.

3.3 To check the wniformity of streoss distribution across the
specamen width, strain pauge measurements were made on a double width
specimen wader a load of 16 metric tons. The strain distraibutions
measured at the base of the joint strop plate and also next to the
tapered rcinforcement on the ends of the specimen arc illustrated
in Fig. 6. At the joint 1tsclf the measured stresses fall within

+2%0%/
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12%% of the average siress. At the doubling plate the variation

1s within +5%, Bearing in mind the accuracy of siramn gaugemeasurements
the stress distribution at the joint 1s as wiform ag 1s likely to be
acnievede At the doubling plate the peak stresses which correspond
roughly to the positions of the 1" daa. holes for the losding pins may
be critical in causing failure therce Incrcased distance of the

holes from the tapcred edge of the doubling should help in reducing

these stress irregularities in the sheet for future spccimens.

Iee Paticuc test results -~ Hedux Joiats

4e? Detanled results of all tests are given in Table IIT which
shows speelmen number, valucs of raximum and minimm fluctuating load
(Puax 2nd Ppan) and the number of cycles of load to failure. The
rnode of failure 28 olso shown. Stress/cndurance curves are plotted
in Figs. 8 to 16. The basic ordinate in these is Pmax/Pylt i.C.sthe
ratio of the maxumm fluctuating load (stress) to ultimate static load
(strcss), the latter heing that deterained in static ultimate tests.
Subsidiary vertrcal scales glve alse o x = the direct stress in the
sheet associated with Dpay - both in 1bAn® and ke./em? A dafferent
curvs is plotted for each value of the minuwm load to avoid overlapping
duc to scatter of results. The mode of failure 1s also indicated by
the use of dirlerent symbols for the points plotted (See Ley on Tige 7).

4te2 Tailures an the Redux bonded specamens vcre of three kands:
(a) rupturce of bonding medaium

(b) tension failurc in the sheet at the entry to the Joint
Leus, 8t the base of the strap plates

(c) tension faailure in the sheet at the entry to the cond
reinforcement of the specimen.

The first class may be further subdivaded into cohesive ond
intcerfacial foilure, Cohesive fairlure congists of a rupturc of the
adhegive f1lm 2tself and 1s detected by the presence of a resadual layer
of adhesive on the parited faccs of the adheronts. In interfacial failure
the adhcsave detaches eleanly from the surface of the adhercnt cxposing
ithe metallic face and leavang a shiny surface on the adhesive film.

In prectice most fozlurcs 1avolved o mixture of the two and where

this was recorded the spproximete percentages of joinl area over whach
the two types occurred are siven in Table IIT. Thus, the figurcs

80C, 1000 andicate that on onc face of the plate, failure was cohesive
ever 80% and interfacial over the remaining 2055 of the arca of one
face of the sheet while on the other face 1t was 100% cohesive failurc.

hs a general rule, failure of specimens was by rupturc of
the bond ot the hisher valucs of fluctuating stress and by tension
of the shcet ecither at the joint or the doubling at the lower stress
roanges. In the casc of D.T.D. 687 specuiens this dividing line scoms
to be quice rigidly drovm at a value of o, - Opin = 25,000 Ib/in?
aperoxe  Onc casce of bond rupture did an PASt ocour (2B1-7w) with
a value of oppy = omin = 15,400 but at an endurance only a third
of the lowest for vension failure at thal stress.  Alilhough no
such sharp daviding line could be dravm for specimens in D.T.D. 610
and 5.6, vhere failures by bond rupture occurred down to the lowest
gtress ranpes lested, such cases were usually associated with
cndurances slipghtly on the low side. In no cases were tension
failurcs observed at the higher stroess ranges (Umax ~ Opin > «0,000 1b/1? ).

The most noticecable featurc associated with failure Dy
bond rupture was the larse scatter in the results, particularly in
several DoT.D. 610 specamens of the first series which faxled at such

Low/
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low enduronces as to be considered premature failurcs. Most of these
were cheracterisced by o predominance of interfacial failure (wnfortwntely
exact figures werc not recorded) and werc discovered to have been parted
off from the samc parent joint of 4 ft. width (Sce 2.4). The suspect
specimens were returned to Aero Research Ltd., for ingpection where the
low results were attributed to inadequate pickling of the sheets before
bondanyg, Such a conclusion is, of coursc, supported by a rrevalence of
interfacial failure, as indicative of insdequate preparatory treatment
of the metal swrfoce to be bonded, rathcr then o wealmess of the bond
moterial 1tsclf.  As a rosult of this all subsequent cases of bond
follure were ¢xamined with a vicw to altempting corrclation of the
fatizue results with the extent of interfacial failure. However, the
figures recorded have proved quite inconclusive although zt should be
remarked that the sceond test series wms free from abaormally low
results and most bond failures werc predominently cohesive.

A comparisen of all test resultsihere failure occurred by shear
of the hond indicates no detcetable difference between specimens of
different materials, Since in all thoese cases the stresscs in the
adnerent s were withan the elastic range of the matoraals such a result
is to be cxpected, there being no essential physical differcnces in the
cond. tions at the joints. One mipght, of course, cxpect differenccs
to arisc when the stresses are sufficiently high to produce plastic
strains but the present results suggest that the increased scatter
associnted with high stress and bond rupture would tend to mask them.

I coses where failurce occurred in the sheet, eithor at the
strap plotes of the joint or at the ond doubling plates, feilure was
presumably precipitated by the stress concentrations assoczated with the
gudden change .n cross-section and conscquently one would expect the
results to be dominated by material nreoperties of the sheet -
particularly with respect to the notch sensitivity. srgnifacant
differences of endurance at a grven stress range were, hovever, only
apparent at the lowest stress reanges tested,  Here the DoToDe 607
speeimens gave consistently lower cadwances than the other two
moaterials for a guiven cyclic stress range. Differences between
materials are greatly increascd if we comparxe ondurssces for a given ratio
Pm&x/Pult, duc to the inereases in static strength of DueTeDe 546 and
687 specuncns over D.T.D. 610 specaimens without corrcesponding increasc
in fatiguce strength. The practical significance of these differences
may be cven more spectacuvlar. Thus, 1T wve consider civil aarcraft,
the most significant stress range is gunerally of the order
Ppax = Pman = 0.2 Pyite Tor this rance the endurance of the
D.T.D. 637 gownts 1s below 1P cycles, for D.T.D. 5.6 we should expeet
valucg betweea 108 and 107 shile for D.I.D. 610 the inference from
the trend of resulis, as far ag they wo, iz sn endurance so larpge as
10 be vairtuwally infinzte.

Resulis of tests where foilure occurred in tension at
the doubling plates are, strictly speaking, invalad from the point
of vicw of the properties of the joint xtself. They are, however,
of valuc in conncction with the desin of the test specumens and also
themsclves reveal an interesting feature. Examination of the
results for Py = 4 tons reveals a close bunching of endurance
values with no epparcent corrclation between mode of failure and
ondurance, whereas at the lowest stress level 1t would appear that
railure ot the ends 1s associated with the least cndurance.

Be Tatigue test results -~ Riveted Joints

5.1 Table IV gives detailed results of all fatizue tests as
for the Redux joints and in Pigs. 17 = 28 stress-endurance results
arc shown graphically. Values of stress given by the two stress

ordinate/
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ordinate scales arc based ca the nett area of cross-section of the shect
at the first rivet row.

5.2 1In all tests carried out, failure of the joint was in tension
of’ the sheet across tne outer row of rivets. All valucs of cndurance
given are for compicte failurc of the spoeceimen. In some cascs
Tatiguc cracks appearcd at onc or both edges of the plate praor to
failure, the cracks having developed outwards from the outer rivet holes.
It was nol possible to dctect always the first sppcarance of such a ecrack
but 1n most instances some warnaing of its approach was siven by the
presence of a slight dimple in the edge of the sheet. In those cases
where such cracks were observed the subsequent cycles to failure were
between zero and about 10,000, In these experuments it was not
possible to dutect the progress of such cracks wntil their development
to the edpe of the specimen. Uxamination of the {ractured specimen
1ndilcated slniler cracks developing from most or all of the rivet
holes, but again no observations werc posgible in these tests of their
inttiation and propress.

The endurances obtaincd for the riveted joints were remarkably
consistent, particularly at the high stress ranges vherc the scatter,
in conlrast to the Redux joints, was extremely small, Couparison
between results for different moferials snows for the iwo-row riveted
Joints particularly low lives for D.T.D. 687 specimens; the daffercnce
betwecn the other two materials wos small cxcept at the lower stress
ronyes where D.T.D. 546 has a sliphtly greater life. PFroa a practical
point of view comparlsons on a basis of Phax/Pu g are of only limited
value due to the rother low static sireagth of %he riveted joints.
Sanee all two-row joints falled statically in shear of the rivets
P14 1s practically the same for all materaals. Changes i1a ravet
pitch to develop hagher static stresses in the shecet shouild, however,
have only sliight influence on the fatigue resalts. The elfect of
dafferent rivet patterns may, howoever, be considerable as 1s shown DY
the results of the limited number of tests on threc-row riveted joints
11 D.T.D. 610 and D.T.D. 687. All fatiguc farlures were again by
tension of the shect across the first rivel row as w the two-row joints
and at the higher stress ranpes the endurcnces obtained for woth types
fall within the sane scatter band.  However, as ihe stress range
decrcases there is a progressive incrense 1n the lifle of the threc-row
joints over that for two-row joints wuntil at the lowest ranges tested
the ratio of average eadurences is approximately 10 for D.T.D. 610
and as much as 25 for D.T.D. 687, Conditions at the first rivet row,
where feilure occurred, are of course different since the rivets in the
first row are morce lighily loaded an the three-row joints, providing
gome alleviation wn the stregs concenlrations there. Such an
influonce would be expoctad Lo benefit the more notch sensitive D.T.De 687
rother more than the DeT.D. 610, as indeed happened.  The limited
neture of the data precludes anything wore than tentative conclusions but,
bearing in iind the gencrally low scatter of results for riveted
joints, it appears that differcnces in endurance are likely to be at
least of the order guoted.

6. Ccneral Coaclusions

6.1 Comparison of all the resulis ohiained in the present test
series indicate a supericrity in fatigue properties of the hkedux
boaded joints over comparable riveted ones in the same moterial, but
dafferences 1n the cndurances of the two types of joint msy be more
than compensated for by the effect of material propertres. Thus
tne three-row riveted joints in D.T.D. 610 have greater lives than the
Redux joints in D.T.De 687 at the same ratic Puya,./Pylte Compared on
the basis of strcss, howvever, the two sets of results practicalily
ceincide.  Moreover, since stresscs in the riveted joints are based on nett
aren across o rivet line they appecar to some advantoge in such a comparison, and
in a practical Joint designed to a given static strength the Redux joints

would/
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would strll be superior in fatiguc. Nevertheless the tests on threc-
row joints show that thc cffect of rivet pattern on fatigue strength
may be considerable; a more coprchensive test series wilh wider
variation of pitch and number of rivet rows is nccessary to e?tablish
the fundamental 1nfluences. At the same tune, recent work{2) has
shown that length of overlap may be a significant parameter in the
fatigue strength of Redux joints even when .t has ceased to be of
importance in the static case. Thus, slight over-design far static
strength may yield consaderable benefat under fatigue. The testing
of such specumens is an obvious extinsion to the present work as also
is the development of joints with tapered strep plates to improve the
stress distribution 1 the sheet and the gluc at the actual joint.

A seraious diffaculty in the testing of such irproved joints will be the
design of suitable end attachments to ensure failure at the joint and
not at the attachments, possibly necessitating a change in the basic
design of specimens.

Quite apart from thesc developments the problem of scatter
in endurances for Redux joints requires more consideration - particularly
under those stress ranges wherc failure of the bond itself occurs.
The number of specimens tested an the present series was too limited to
provide a reliable assessment of the probable scatier. In this
connection the occasional premature failures are of great practical
amportance and any further work should inelude the correlation of
enduronce with the relative extent of cohesive and interfacial failure
as well as with such process quality measures as the standard peeling
test.
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ZABIE T

Tatiruce Tests

p— —

S e
0. 1% Proof Stress Ultimate Stress
laterial ™ . —
1b/ind t+ kgfem.® ' 1b/ant kg/cmé®
DTD 6108 40,100 2,500 63,600 4,280
(33,600) (2,360) {56,000) (3,900)
DID 5468 51,200 3,600 % T 65,800 by 630
(4.7,000) (3,300) (60,500) (4,250)
oTh 6874 71,200 5,000 77,200 5,40
(60,500) {4,250) (71,600) (5,050)

Note: Fioures in parenthosis give specification minima

properties.
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TABIE II

Aversge Static Tenglle Strencths of Joint 3peciuancns

Ultimate Stress

. . Uit, load liode of
Material Type of Joint " Metric tons, " Failure
' 1b/ind  kg/omd
DID 610B Rudux 12,6 46,200 - 3,400 1
DTD 5468 . " 16.6 . 63,500 4,470 1
DID 687A " ' 19.5 74,500 5,250 1
DID 610B Ruiveted (2 row) 10.0 51,000 | 3,590 2
DID 5468 n f . 9.6 49,000 3,450 2
DTD 647A L " 10,0 51,000 3,590 2
DTD 610B " (3 row) 11.9 60,700 4,280 . 3
DTD 6837A " " ; 1.2 " 72,500 5,100 2

Modes of failure:
1. Shear of Redux bond

2. Shear of rivets

3 Tension ia sheet at outer rivet row

Notc: Stresscs in riveted goints arc based
J
on nett arca of shcet at raivet Lline.

TABIE 111/
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TARTE ITT

(i) D.T.D. 610B

Fotigue Test Results for Redux-Bonded Specimena

(sec Fag. 1)
P . P P : Life ‘
e max le Specimen iCycles, gao;_liugg
(metric ton) . (metric ton) ' “ult 'x 107
0 : 8.0 0,635 141-7 | 25,0 1
' ~16 i 13,1 71
=20 | Zero T 1,2
- ' 2!6 . 1’2
-39 51et 1
0 ' 6,0 . 0476 181~ 8 154 " 1
R 109 1
-25 93 ' 1
0 ‘ 5.0 . 0397 1A1- 2 250 3
; ) -5 273 3
“17 52 11,2
-19 o 1,2
""21 620? : 1,2
0 ) ‘ 0.310  1A1-32 472 1 4L
-35 498 . 3
-38 792 -+ 4
2AA =~ 504 - 1 (80c,100C)
- 655 1 {100C,100C)
0 3.5 0,276 284- 4w 2841 i 1 (100c,100C)
. -1w 11720 * 5
o 3.0 . 0.238 141-33 2021 . 4
~ -36 4075 1 &
-4,0 3400 i
aat-10w 5170 5%
2.0 8,0 0.635 1A1- 6 58 1
ST 32,2 1
"22 14-18 : 1
2.0 ' 7.0 0.556 241~ 14 : 47.2; 1 (100C,1000
: -11 95.4. 1 1 (100C,100C
~10 31,6 1 (100C,100C
2.0 6.0 0..76 1A1- 9 3300 3
-12 3940 3
-27 5

29

(Continued )/
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¢

Prin ' Pmax Froax : . lafe | ilode of
: P Specimen COycles Faq
(metric ton) (metric ton) ~ult x 108 od-ure
2.0 ! 5.0 0.397% 1A1=31 .+ 1,610 3
X =34 1, 796 3
. ~37 1,972 4
P 2A1- 5w 4,000 3

—

40 , 9.0 Ou 714§ 281= 1 95 200, 1000 )
-5 110 1 (50c,80C)
L,0 8.0 " 0,635+ 14110 355 4
-13 237 1
-26 278 ' 3
4.0 7.0 0.556 1Al- 4 556 3
. : : 18 . 1 1,2
-29 1,502 ‘1,3
: 1.0 645 0.516 2A1-~ Uw 13,230 5
3
i 2 O a0 C.476 1A1- 3 4,820 5
c

odes of Taalure

T FPorlure of Redux bond

2. IExccptaonally low or promature farilure
S Hailure in sheet at base of strapn plate
L. FPajlvre 1n shecet at end reainforcement
B Ind not fazl.

%ﬂacﬁm{a llé,.’noppe‘d due to power Failure
Damdge to-specimen prevented continucetion of test
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Pran Panx  ; Pmax Life
P Specimen  {(cycles :}}gfdi Oi:
(metric ton)  (uetric ton), ult x 10°) 2l lure
0 Le 0 0.487 1C1-21 9.4 1 é1ooc,eocg
-1z 31.9 1 {80C,100C
0 7.0 0.426 1C01- 6 hatl 1 51000,1000)
~33 22.7 1 (100C,800)
-32 45.9 1 (80C,100C)
0 6.0 < 0,367 101~ 3 14.8.6 1 {100C,1000)
; -22 760k 1 " "
-18 28,5 . 1 I
0 5.0 0,306 1C1-24 98.6 1 (100C,100C)
i - D 197.&_ 4 1] 1]
=27 15ey 4
- 1 285-5 3
0 4O 0.245 1C1~ 9w 813 3
~1iw 954 4
_ - Bw 698 4
g - 1w 302 1 (100C,100C)
: -16 1,003 4
i -29 5h2 3
{ -15 829 &4
0 3.5 § 0,212 101=2¢ 1,430 1 (1000,1000)
0 3.0 ' 0,181 1Ci-10w 10,636 5
2.0 8.0 P0.487 1013, 43.6 1 51000,1000)
i -13 109.2 1 (60C,80C)
2.0 2.0 | 0.426 1c1-20 1254 1 (20c,80C)
: -34 232,61 4
2.0 6.0 i 0.367 1C01-25 38, 3
3 -5 w3 |3
2,0 5.0 P 0,306 101- 4 1,200 3
; -30 ' 1,200 3
2.0 La§ § 0,271 1C1- 7w 11,360 5

Con t:.nued/
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Prin Franx Frnx Lafo Mode of
. IE;'-" Spceimen  (cycles Failure
(metric ton) ; (umetric ton); ult x 10%) -
e O 9.0 0.542 101-12 25.2 1 (80c,100C)

-9 95.1 . 1 {40c,90C)

4.0 £.0 T 0487 101-10 260 ¢ 3

-8 256 . 3

1t O : 7.0 0.426 1C1-7 . 1,024 '3

! -26 3:361 4

e e

Jodes of Failurc:

1. TFoilure of Redux bond

2. Excepiionally low or prumtbure follure
3+ Taalure in sheet at base of strap plate
e TFailure in sheet at end reinforccement

5. Did not faal

(i11)/
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(iii) D.T.D. 6874

{

'
1) \ 4

" Puin Pm:::\c Pmax , Jafe Mode of
p Specilmen (cyc%.es b aalure
(metric ton) ° (metric ton) ~ult . » 10%) g

0 10,0+ 0.512 1Bi-4 13,7 1
= -20 3.0 i1
—27 : 9|O 51
0 8.0 04100 184 1 10,2 {1
: 10 ' 4.8 M
-17 57.0 1
=2y 510 {1
0 6.0 = 0.3083 1B1= 3 124, '3
: -16 151 3
-28 153 .3
0 . 5.0 0.256 1B1~ 9 157 13
' . =13 177 3
~26 187 3
=10 183 .3
0 4.0 0.205 1B1-33 3 13
! ~36 483 L
-39+ 4B ik

. 2B1- 7w 116 1,2 (90C,100C)
- W 809 3
- v 51L&
- 5w 559 3
0 3.5 . 0.179 2Bi-4w | 570 '3
~tw 1;..,508 ;l{.
-12% 1,330 3
0 3.0 * 0,154 1B1-32 1,321 4
: ‘ 35 . k,556 i5
~38 LT
2B1-10w 15,800 ;5
2.0 10,0 0.512 1B1-30 8.9
-23 26.8 1
=21 11,1 1
2.0 9.0 . 0,462 1B1-29 51.6 .1
~25 56,7 1
-19 58.4 1
: -l Oe? 3
-7 du.2 13

;

Coatinucd/
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P

P

- Life

min max max :Sﬁcclmcn (oycle licde of
= e cycles Tl

(metric ton) (metric twn) “ult x 102) rarsure
2.0 6-0 Ou308 2131"" 6 ’-}ll-a 3
-8 409 3
-5 355 3
2.0 5¢0 0,256 231= 1 1.005 3
-4 911 3
-1 911 3
2.0 4.5 0.231 2B1= Ow 12,542 5
40 10.0 0.512 1B1~18 106.5 3
-15 176 L
boQ 8.0 0.410 2B1- 3 230 3
-16 . 281 3
40 7,0 0.357 "' 2B1- 2 1,693 3
=12 7 2,093 3

Modes of Failure:

1a

Failure of Redux hond

Exceptionally low or premature failure

Fallure in sheebt at baze of strap plate

failure in sheet at end reinforceuent

Did not fail

BLL TV/
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TABLE IV

Fatigue Teat Results for Riveted Joints
(see Pigs. 2 and 3)

(1) D.T.D, 610B = 2 rivet rows

P . P ; P ! Illfe i l‘iode Of

- e 2E  gpecimen ‘(oycles . Fail
i

(metric ton} (metric ton) Pt x 10%) e
0 7.0 ' 0- 70 . 1A2"" 8 8-0 é 1
: P12 8.2 1
-15 ' 8.5 1
0 6.0 0.60 '1AR-1 . 18,5 | 1
: -20  , 2.7 . 1
-27 20,0 1
0 j 5.0 10,50 A2 2 35,7 1
=10 30.9 | 1
-26 25,3 | 1
0 [0 0,40 142~ 9 72,3 1
"’16 80'6 1
-23 6944 1
0 ; 3,0 0,30 442~ 1 187 1
' . =15 161 1
-28 357 1
0 : 2.0 0.20 ,1A2- 7 700 1
-13 1,28y 1
24 658 1
=30 257 1
0 | 1.5 0,15 1 2A2- Fw 13,150 2
- 6w 13,150 2

2.0 7.0 0070 1.&2- 5 19.0 : 1
‘ -11 ) 12’..8 \ 1
| .

;

2.0 ] 6|O 00 60 1A2"'18 3301 : 1
\ -3 28.7 1
|

2.0 5.0 0,50  142-19 68.3 1

i b 6 8102 H 1

2-0 !{--0 ) O.L}.O i 1!&2-22 250 l; 1

o-36 . 20% ¢ 1

Continued/
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P, P § Lile Hode of
e max X L specunen (cyc%es Fag_:?_ure
(metric ton)  (motric ton) T ult x 107)
P37 12,7 1
4.0 7.0 0.70 i 1A2-31 30.9 1
g -32 36,9 1
}
L3
‘ -35 878 1
Mode of Failure:
1. Tension in gheet al outer rivet row
(ii) D.T.D. B4EB - 2 rivet rows
i3 P 2 Life ur o
) W max P____max Specimen (ecycles: fgiﬁugg
(metric ton)  (metric ton) Tult x 10%)
0 6.0 0.65 102- 2 13,5 1
! l "13 4“—]-.6 1
0 5.0 . 0.525 1C2- 4 37.0 1
' ~14 21,5 1
0 5.0 042 '102- 9 115 ’
: : ~20 75.5 1
0 %.0 S 0.315 1102- 3 161.8 - 1
: -4 120 1
0 2.0 L 0,21 1102-10 3,800 1
' © 6 7,658 1
2.0 7.0 0.735 '1c2- 7 14,5 i
2,0 6.0 ' 0.630 [1C2~ 1 28,1 1
K 25.9 1
2.0 5.0 ' 0.525 {1C2- 5 70,0 1
: L o49 40,9 1
2,0 4eO 0,42 +1C2-15 261 1
‘ © .8 2,1 4

Mode of Failure:

1e

Tensicn in sheet at outer rivcet row.

(131)/
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(311) D.T.D. 6874 - 2 rivet rows
P Life -
e X © DX gpecamen (cycles %ﬁﬁugﬁ
(métric ton) (metric ton)' Pult -~ x 10°)
0 6,0 | 0.60 1B2-3 1.2 1
: -16 1%.8 1
-20 10.8 1
0 5.0 0.50 1B2- 4 17.2 1
"'11 20-2 1
~17 25.8 i
0 a0 C 0,40 1B2- 5 1 32,4 4
—12 3 37-6 1
0 3.0 " 0.30 1B2- 6 87.6 1
- 9 5101{- 1
~13 58,2 1
0 2.0 0.20 B2~ 2  130.5 1
: ~15  165,6 1
-19  321,6 1
2.0 7.0 © 0,70 1B2-34 8.3 1
~ 7 7e7 1
=30 B.4 1
2.0 6.0 . 0.60 1B2-35 1644 4
~-26 16.2 1
-25 15 1
=21 19,5 1
2.0 5!0 ‘ 0-50 1132"27 3101 'I
~23 23, 1
2l0 "—FIO 0.24.0 152"'211- 135.9 1
=22 98.2 1
-39 Ohe3 1
4.0 8.0 0.80 1B2-32 8.5 1
-37 8.5 1
L.Q 7,0 0.70  1B2-10 11,9 1
29 16.6 1
~28 17.7 1

ks

Continued/




P . P P . i Tafe

i
4
'

o, Tmax " liode of
pan e ‘Pw . Specimen :(cycles Fai luro
(metric ton) (metric ton) ~ult s 107 )
o 0,60 1B2-31 1 40,5 1
b0 6 - L T36 ] 62uh 1
40 26,7 1
Hode of Follure:
Te Tension in sheet at outer rivet row.
(iv) DJL.D. 610 - 3 rivet rows
P P iy | Iafec lode of
e ' ek EP&E Specamen  (cycles Pailure
(metric ton (metric ton) ; Fult ©x 10%)
0 : 6.0 L 0.504 3A2-4 . 127 1
! = 10.3 1
0 5.0 0.420 342-3 -  29.5 y
_13 14'502 1
0 5,0 f 0.336 3A2-5 = 57.2 1
: -15 212,5 1
0 ' 5.0 0,252 3A2- 1 335 1
-6 1,273 1
0 2.0 0,168 312-9 8,949 1
: -20 12,000 2
2.0 6.0 . Q.50 3A2- 6 . 93.7 1
-11 47.0 1
2,0 5.0 0.420 2A2-10 ' 378.4 1
=17 378.4 1
2.0 ' L0 0,336 3h2~ 8 1,462 ’
-12 1,165 1

(v)/
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(v} D.T.Ds 687 - 3 rivet rows
Fran Prnax Tmax Lafe Mode of
: ~= | Specimen ; (cycles Fail
(motruic ten)  (metric ton) ~ult x 10%) a1 ture
0 6.0 0426 3B2- 2 10,4t 1
-1 13,9 4
0 5.0 0,355 ., 332~ 1 Ble 2 1
. =17 29,2 1
0 4.0 0.284 ' 3B2- 4 13,7 1
' -19 733 1
0 3,0 ' 0.213 . 382~ 5 652 1
<18 202 1
o 2.0 0.142 3B2-10 5,471 1
~15 3,425 1
2.0 7.0 0.457 3B2- 9 13,6 1
-1l 12,7 ’
2.0 6.0 0.426 3B2- 8 26.1 1
T 16 19.2 1
2.0 5.0 0.355 . 3B2- 6 109.6 1
-13 575 1
2.0 L0 0.284 3B2- 7 306 1
-12 306 2

liode of Failwre:

1,

2,

Tension of sheet at outer ravet line

Did not fail
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FIG 7.

KEY TO GRAPHS

REDUX JOINT

© DENOTES REDUX FAILURE
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3
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