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Tensile fatigue tests were carried out on sheet specimens in 
D.T.D. 61OB, 51‘6~ and 687A with double strap Redux and. riveted joints. 
Bonded joints tended to fail by shear of the bond at the h&er stress 
ranges and by tenslon 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 r-ivoted joints showed considerable improvement 
in endurance over those with two rows of rivets. Endurances were 
greater for bonded join% but with rather more scatter than for riveted 
jolts, particularly where bond sheer was the cause of failure. 

1. Introduction 

1.1 This report describes and presents the results of s pmgrsmms 
of fatigue tests on some Redux bonded joints in aluminxum alloy sheet 
carried out ~1 the Aircraft Structures laboratory at Imperial College 
of Science and Technology. 
Most fatigue data available to date on such joints are bbtained from 
tests of small single lap joints in thin sheet mterisl (18 S.W.G. and 
less). As a more fundamental study, in that peeling stresses are 
largely eliminated, 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 made m 10 S.W.G. sheet with a width of 
4.5 mches and having static strengths in the range 10 - 20 tons. The 
materials use&,izo:oT-specimens were nluminium alloy clad sheet to 
spebifications D.T.D. 610, 546 and.687. 

' > 1,'L' _ _ 
1.2 .FOr Eo'iarison with the Redux bonded Joints tests were also 

made on riveted $lrit$.of sia%ar simple design. 'All riveted joints 
were mde:wi,th+j/? 6"~-dia. snaa-lie&d rivets+o'specification L57 (Dl!D 327). 
Preliminarytes't~ Eid shown-dis~n~ointingly.l'on results for two-row 
riveting and some three-row rided vjoints were also t&ted to investigate 
the effect, if any, of the number of rows of rivets on fatigue strength. 

1.3/ 



-2- 

1.3 The stress condition in the sheet at the joint line was 
~ElfOml tensile stress OOITIZI~ to the joint line, the uniformity of 
strc+ss across the sheet being checked by strain gauge measurements on a 
typical spccimcn. Since, in many eases, up to three specimens of 
possibly different design were tested simultaneousl;y in series it ~,as 
necmmry to standardise to some extent the stress cycles used, Tests 
were accordingly run far various values of nmximmload (Pm&& three 
values of mininum load (Pm& viz. 0, 2 tons, 4 tons, 

1.4 AS fkr as possible, each type of joint was tested up to an 
endursncc of 10 7 cylcs. However, this proved impracticable in swm cases 
on the standard size of joint due to the difficulty of accurately 
obtaining the correspondingly low fluctuating loads required anti in 
order to overcome this a limited number of speoimens of double &dth 
(9") were manufactured snd tested. At the other end of the scale 
endurances of IO4 cycles represented the practical J&it due to the 
finite time required to build up the load cycle. 

I.5 In a prcv~ous note', results wwe given of some preliknary 
tests of the same joint design. For completeness, these results are 
incorporated in the prosent report. 

2. Specimens snd Tosts 

2.1 Pig. 1 $ves details of the particulsr Rcdux joant tested 
which was dcsagned to dovclop as high a static strength as could 
reasonably bc eqected snd Pig. 4 shows a complete spccimcn. 
Preliminary tests had demonstrated that it NQS unsatisfactory merely 
to clamp tho plain unreintorced ends of the sheet spcoimens directly 
in the jaws of the testi% machiner Not only did this lead to failures 
at theedge of the jaws under low fluctuating loads but proved trouble- 
some in practice due to the difficulty of aligning correctly the specimen 
to obtain unifonil strcos distributaon snd smooth operation of the 
tostan:, machine. Since the usualvmistcd form of speoimcn was out of 
the question due to the width required at ths joint line and vroul.d, in 
any case, have proved unnecessarily wasteful of material the dcslgn 
shov,n IJI my. 4 was adopted. In this the load is applied via fitted 1" 
dia. bolts an the reinforced ends of the specimens. The bolts tholilselvcs 
passed through special fittings pcnnanently clenpcd in the jaws of the 
machine. Wth the adopted scheme, the accurate assembly of specimens 
into the machine wns enormously facilitated. In addition, it proved 
possible to test simultsneously up to three specirnxns at the same load 
by mounting them in series. On failure of one specunen, a now one 
was inserted III the chain in place of the fractured specimen and the 
test restarted. The interruption entailed for tho spccrmens still 
intact ~,as so small as to involve negligible influence on the results 
due to possrble r-ccovory. Par tests over long lifetunes this "chain" 
mounting of specuzns more than doubled the testing rate in specimen 
cycles. 

The end reinforcement of the spccr-.ons to t&c the loading bolts 
consisted of 10 S.\!.G. and 14 S.V.G. doubling plates Redux bonded to the 
specxnon plate at the ssmc time as the joints were made. (In tests made 
.,nt.h only tho IO S.W.G. plates tensile fatigue failures occurred across 
the 1" dl- L. holes). Occasional failures of the plate at the entry 
to the Elnforcernent still occurred in the earlacr tests due to tho 
stress ooncentratjon at the change of section and at proved mCCssarY 
to radius the ends of the doubling and rcducc tho sto%J to the nAG.mutn 
possablo on the miU.ng ma&ine. (Pig. 5c). 

2.2 The de&y of the double width spechs was identical 
v&th the stsndard anos except for the increased width and the ko 
holes rfich were used at each end (at the qwter width Points) to 
ploi: up the loading bolts. Thcso latter located in further special 
fittings themselves attached by singe bolts to the end Phtos 
clamL,ed in the testing machino ja%Vs. 
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2.3 Dotalls of the riveted joints tested arc given in Figs. 2 
ndj The spccunens themselves WWL: othonvlse idenl;w&lvrith the Redux ones. 

2.4 Ali specimens wcle manufactured as continuous Joints across the 
full KLdth (4 ft.) af the sheet, the dzrection of rollxng thus being in 
all cases along the specimen ZCLS. All joints and doul?L.nni; plates wxe 
assembled dry and pilot holes drilled for the ta& rivets to hold all 
parts m exact position dwxng curing of tho Redux. Indlvld=l specimens 
WXT then successively ported off on a milling nachule, the tack rivets 
used during curing beiny so positIoned as to be removed durxx& the 
partlxg off. Hachmmg marks on the cdgcs of the spcclmen were 
r~~loved by light draw-filing. Riveted joints were manufactured in 
esscntlally the same way, the doubling plates bang bonded in place 
prior to rivctlng up the Joints. Specimens icrc machined to exact width 
after rough parting off in order to ensure synmxtric location of the 
r1vc t group. , 

2.5 All tests !ere ruin in the Loscnhauscn U.H.S. Universal 
fnt>.ge testin machine nt frc,~ucnc~cs between 500 and 1,000 cycles 
per mu-lute. The method of mountqg sp 
in connection vnth thclr dcsig? (2.1). 

ccimcns has already bea described 
Static ultamatc tests on 

complete spccimcns of all types of joint and control tests on nlateriel 
sanplcs cut from the sheet materinlwzre also carrred out on the sane 
machme. 

3. static Tests 

3.1 Table I glvcs results of tensllc wntrol tests on the sheet 
~,%~:ennls used. m the fctzguc tests. All propertlcs vwc well above 
spcclflcatlon minxw.. Table II presents results of static tensilc 
tests 021 conalcte specimens of joints. These results illustrate 
clearly the depcndcnce of' the s?XtlC strength of &k?d ~ouits oh the 
l.KChanlCal prqxrt;es of the adherents when these @.ro strcsscd Into 
the plastic r,anye. 
ncdlua yet falling 

i‘nilwo was in nil casts by rupture of the bondmg 
strcsscs are relctcd more to the 0.2$ proof stress 

of the sheet tii:w to c perm1r;s1blc shwr stress in the bond, ThO 
dcpcndence of bond strength on tile geometry of joint is ~~11 lcnanl md 
nr~.scs due to the br?ttlaess md high stlffncss of the adhcs~vc film. 
The high stiffness onuses rapid diffusion of otress between the 
adhcrcnts wlt!l its hL, h attendant shear stresses at the ends of the 
JoI.nt ovcrlcr;,. Plas<ic strains in the sheet lntonslfy the affect, being 
roughly equivalent to a local reduction of the sheet stlffncss, and 
since the brlttlenass of the glL~c prevents Its accommodntlng the peak 
s!xxw strains by itself yieldin?,, fnllurc takes place at a lcwer 
average stress than would bc devcloped vrlth perfectly elar;tlc adherents. 
It should bc notxed also tliat a hrghcr fraction of the ultmte 
stress IS duvelopcd in D.T.L 687, and 546 sheet (97,; and 96,s 
respectively) than l.n D.T.D. 610 shcet (82$) due to the much earlier 
onsut of plastic strain in tlas last case. It would clppear therefore 
that !?%texlols vnth a high ratio (0.1% proof strcss/u:timatc stress) 
arc ~nhcrently more effloic,lt ns far as static strength is concerned. 

3.2 Failure in the revoted joxnts ~a..6 by shear of the rivets 
except for ~-w’J JOllltS 33 D.T.D. 610 which failed in tension across 
t?nc fxrst row. Stotx strength results for txo-row riveted 
joints show thcrcfore ncg?i!;lblc differences between diffcrcnt 
materials. In the three-row Joints both D.T.D. 610 and D.T.D. 687 
acre cblc to dcvLop cpproxtitely 7$ of therr ultimate stress on 
the nett nrca across a rLvct row. 

j.3 To cheek the uniformity of stress distribution across the 
spcclmcn ladth, strain gauge measurements wcrc made on n double width 
spcimen under a load of 16 rnctrx tons. The strain distrzbutions 
mcas~cd at the base of the Joint strap plate and also next to the 
tapered reinforcement on the end s of the specimen arc xllustrated 
in Pi;,. 6. Jrt the pint Itself the measured ShTSSeS fall Within 
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223 of the nverogc stress. 
1s kit1132 5%. 

At the doubling pla-;e the varlntion 
Beaxng 111 mwd the accuracy of strain gnugcransurawnts 

the stress distribution at the joint %s as uniform as 1s likely to be 
CkXllC?Wd. At the doubling plate the peak stresses which correspond 
roughly to the positions of the I" dia. holes for the loxling pins may 
be critical in causing failure there. Incrcascd distance of the 
holes from the tipcrcd edge of the doubling should help in reduci,lg 
tiwse stress irregularities in the sheet for future spccimn~. 

't. kt%,wc SW result. - Gcdux Joints --- 

4.1 Jktailcd results of all tests are givun 111 Table III which 
shows spcci?llen number, valu~3 of ~~~ximum ‘uld minimums fluctuating load 
hnax and Pmln and the number of cycles of load to failure. 1 The 

mode of failure is also shcwn. 
m Figs. 8 to 16. 

S'ress/cnduronce curves are plotted 
The basic ordlnato in these is I+,&‘Pult i.c.,the 

ratio of the IIKXCLIIWBI fluctuating locd (stress) to ultimate static load 
(stress), the latta- king that detenlnmed in stntx ultimate tests. 
Subsidlcry vertical scnl.cs give also c 
sheet associated with I?,, - both in lc 111 and &./me. .F - the direct stress in the 

h different 
CWv2 is plotted for each value of the rninlnum load to avoid ovurlapping 
due to scatter of results. The wde of fcilure is also indicated by 
the USC of dil'lerent symbols for the points plotted (See iiey on Pig. 7). 

Lb.2 Failures in tine Rcdux bonded spcclmens Grc of three pads: 

(a) rupture of bonding nncdium 

(b) tension failure in the sheet at the entry to the Joint 
i.o.,at the base of the strap plates 

(c) tension falure in the sheet at the entry to the end 
rcmforccmcnt of the spccimcn. 

Tic first cla3s may bc further subdlvidcd into cohesive end 
intcrfacial fnilurc. Cohesive failure con?Asts of a rupture of the 
adhesive film itself and is dote&cd by the prcsoncc of a residual layer 
of adhesive on the parted facts of the adherents. In lnterfncial failure 
the ndhcsivc dctachc 3 clxmly from the surface of the adherent exposing 
the metallic face and lcnvm:, a shiny surfncc on the adhesive film. 
in practxtl most fo~.lur~s involved c mixture of the two and -<[here 
this was r-corded the s!sproxxm?te pcroentagcs of joint ~~-03. over rdx~ch 
the two types occurred arc Liven -in Table III. Thus, the figures 
~OC, 1002 indicate thct on one face of the plate, failure was cohcsivc 
over 8C$ and mtcrfaoial over the remaining 2C$; of the area of one 
face of the sheet i-rhilc on the other fact It wac IO@ cohcsivc failure. 

As a ~encral rule, failure of spccimcns was by ruqturc of 
the bond at the higher vnluos of fluctuating stress and by tension 
of tine sheet ather at the jornt or the doubling nt the lower stress 
rage s . In tho CPSC cf D.T.D. 687 specul.cns this dividing lint sccm3 
to be quiee ri@dly drawn at a value of' F . = 25,000 ib/ina 

ap1>rox. Gnc cast of bond rupture did in ?%&-ock?(2B1+~) >vlth 
a \a1uc of lJmax - amjn = 15,!+00 but at an cndutxnce only B third 
of the loxcst for wnsion failure at that stress. Althou& no 
such 3ha.q dlvldulg line could be drawn for spcciwns In D.T.D. 610 
o.nd 546, tihcre lalures by bond rqturc occurri-d dam to the lo-west 
stress rc~gcs tcated, such cases were usually associated with 
cnduranccs slightly on the low side. lk no cases wcrc tcnsion 
fadurzs observed at the higher stwss rengcs (cmax - oTL:,n > 20,000 lb/ma 

The most noticec~clc fenturc nusoclatcd mlth failure by 
bond rupture ;as the l,?x-zc scatter in the results, pUt1cutily ln 
several D.T.D. 610 spccw.ens of the first series which farlcd at such 

1). 
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10~ adurances a.3 to bo considered prcmt,u-e failwcs. iCost of these 
wxc chmaotcrlsod by a predoiainanoc of intcrfaolal failure (unfortumtely 
emct figures XX-0 not recorded) and weerc dlscoverod to have beon parted 
off from the 3amo parent joint of 4 ft. width (See 2.1;). The swpect 
specimens wore rcturncd to Aero Rcsaarch Ltd., for inspectron whore the 
10~ re3Ults \7crc attrlbutcd to lnadeyuatc pickling of the sheets before 
bonding. Such A ooncluslon is, of cowsc, supported by a prevalence of 
intorfacial fallwc, as uldlcative of inadequate preparatory ia-enbent 
of the metal sud~cc to be bonded, rather than a weakness of the bond 
material rtsclf. 11s a result of this all subsequent cases of bond 
fnilure iierc cxamincd with a view to aiteqting corrclatim of the 
fatlzue results with the extent of intcrfacial fallurc. Howovcr, the 
f%ures rccordcd have proved quite mconclusiw although It should be 
rcmarkcd that the second test seric 3 lms free from abnormally low 
results and jtlost bond failures wore predom.uwntly cohesive. 

h ComEarlsOn Of all test results\he?.% failure occurred by shear 
of the bond indlcatos no dctcctahlc difference bctwecn specimen3 of 
dlffcrunt wtcrials. Since m all these cases the strosscs VI the 
adiiwcnts wore vtithm the elastic ran;u of the mrtorlals such a result 
is to be cxpccted, there being no osscntialphysical dlfftironcos rn the 
conditions at the joints. One mi&t, of course, expect differences 
to arise when the stresses sre sufficiently high to produce plastic 
strains but tho present results suggest that the increased scatter 
assoelntcd with hi&-h stress and bond rupture wuld tend to mask them. 

In cases where failure occurred m the sheet, either at tho 
strap plates of the joint or at the and doubling plates, failure was 
presumably prccjpltatcd by the stress concentrations assoclatcd rtith the 
sudden changc m cross-section and consequently one would expect tho 
zsults to be dommnatcd by material properties of the sheet - 
pnrt~oularly with rcsPcct to the notch sensitivity. S-LppLfumnt 
drffcrences of endurance at a g,rvcn stress ranbc were, ha,evcr, only 
apparent at the lowest stress ran&o3 tostcd. Here thu D.T.D. 607 
specimens gave conslstcntly lower cndu~snccs than the other +X~O 
materials for a gJ.ven cyolic stress rango. Differences botwcn 
matorrals are groat& incroascd if we compare cndursi,ccs for a glvcn ratio 
Pmax/l?,lt due to the increases in static strength of D.T.D. yi-6 and 
607 spec&n3 ovw D.T.D. 610 spcclmens ,&thout correspondin& mcrcasc 
in fatLguc strength. The practical si$pificance of these dlffcrenccs 
my bc own more spwtacular. Thus, af we consider civil zurcraft, 
the most srgnifloani, stress rango is gonerally of the order 
PI- - Pmvl = 0.2 P,1t. For this ren~e the endurance of the 
D.T.D. b8-/ JO,.ntS 1s bclar l(F CjrOks, for D.T.D. 36 we should expect 
values bctwoe~ IO* and 107 :/hi10 for D.P.D. 610 the infer-once from 
the trend of results, as far as they go, is an adwancc so large as 
to be virtually infmlte. 

ROS~I~~S of tests where failure occurred zn tonsion at 
the doubllnz plates arz, strictly speaking, lnvalld from the point 
of VKW of the properties of the Joint Itself. They are, however, 
of value in COI~~ILC~LO~I wrth the dcsig of the test 3pocmcns and also 
thzmsclvcn reveal an intorcstme feature. Exarwnation of the 
rvsults for PIncex = /+ tons rcvzals a close bunching of enduronco 
values with no apparent correlation bctwccn mode of failure end 
~ndurancc, >{hcrens At the lavcst stress level It would appear that 
failure St the ends IS nssoclatcd with the least ondUr3nCC. 

5. PatrRuo tost rosa - Riveted Joi& 

5.1 Table IV gives dcta-ilcd results of all fatlgc tests as 
for the Kcdm joints and in i'igs, 17 - 28 stress-endurance results 
al-0 shown gl-aphlcally. V<+JCS of stress given by the two stress 

ordinate/ 
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ordinate scales arc based on the nett area of cross-section of the shoot 
at the first rivet rcrz. 

5.2 In all tests csrrwd out, failure of the Joult was in tension 
of the sheet across tne outer row of rivets. All values of cndursnce 
given are for conFlcte failure of the spccmen. In some oases 
fatl@e cracks appeared at one or both edges of the plate prior to 
failure, the cracks having developed outwards from the outer rivet holes. 
It was not possible to detect always the first appcsrance of such a crack 
but ln most 1nstar.ccs some 1 v'sx'nmg of Its approach was ~ivcn by the 
presence of a slight dimple in the edge of the sheet. l.n those cases 
~fix-ihcre such cracks iwre observed the subsequent cycles to failure wrc 
betwocn etro snd aoout 10,000. In these experxnents it was not 
poesiblc to dLtect the progxss of such cracks until thexr development 
to the cd&e of the specimen. tixom~~ation of the fractured specimen 
mdicatcd sLnlcr cracks devclopm& from most or all of the rivet 
holes, but again no observations were possible in these tests of their 
inrtiation and progxss. 

The cndwsnccs obtained for the riveted joints were remarkably 
consistent, particularly at the high stress ranges where the scatter, 
in contrast to the Redux joints, was extremely small. COll&Zll-1SOn 

betvrocn results for differwt material s snows fcr the two-row riveted 
JOlntS particularly lava 11~s for D.T.D. 687 spcoimcns; the difference 
bcmvecn the other two materials was small cxccpt at the lower stress 
rongzs x-here D.T.D. 546 has a sliphtly &rcater life. Fro,,1 a practical 
point of view cor,~cr~sons on a basis of Pm,/P, 
value due to the rather low statx stre~igth of 

t G-C of only limited 
%he riveted joints. 

Since all two-row JOlntS failed statically 21 shear of the rivets 
Pdt is practically the some for all materials. Chz-l&cs in rivet 
pitch to develop highor static stresses in the sheet should, however, 
have only siight influence on the fatigue results. The effect of 
different rivet pattexxs may, howover, be considerable as is shown by 
the results of the Lmrtcd nuniocr of tests on three-row riveted Joints 
in D.T.D. 610 snd D.T.D. 6b7. All fatigw loilures were agam by 
tonsion of the sheA across the first rivet row as in the two-roV JOultS 
axd at the hifih*r stress ran~cs the cndurcnces obtained for both types 
fall within tho sale scatter bond. Howver, as the stress rS.il~e " 
dccrcases there is a pro&e-- P- ecive vi- m the tife of the three-rou 
Joints over that for two-row joints until at the lowest rsn:,cs tested 
tho ratio of avcrogc e~?dursnocs is approxm;atcly 10 for D.T.D. 610 
md S.S DUC~I as 25 for D.T.D. bU7. Conditions at the first rivet rm, 
j/ha-e failure occurred, are of course diffcront SL~CC the rivets in the 
first rw are more lightly loaded in the three-rci, joints, providing 
nom al-lcvlation in tlhe stress concentrations thcrc. Such an 
&flucnce would bo expected to benefit the more notch sensitive D-T-D. 687 
rather more than the D.T.D. 610, as indeed happened. The limited 
nature of the data precludes anythin, c more thsn tentative concluders but, 
bc3l‘ir.g in mind the generally low scatter of results for riveted 
Joints, it appos.rs that differences in endurance are likely to bc at 
lcast of the order quoted. 

6. C-crieral Coxlusions 

6.1 Co!np-&son of all the results obtnincd in the present test 
series indicate a superrority in f atigde propcrtxes of the ltcdux 
bon&cd joints over comparable riveted ones in the same material, but 
differences in the cnduronces of the two types of joint may be more 
than corqensated for by the effect of material properties. Thus 
tne thrCS-1-O-i riVCte6 JOmtS in D.T.D. 610 have greater lives than the 
Redux joints in D.T.D. 687 o.t the same ratio P&,lt. Compared on 
the basis of stress, however, the two sets of results practically 
coincide. Moreover, since stresses m the riveted Joints are based on nett 
area across a rivet line they appear to some advsnta&c u such a comparison, and 
in a practical joint designed to a given statw strength the Redux joints 
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would still be superior III fatigue. Nevertheless the tests on threc- 
row jornts show that the effect 0.~" rivet pattern on fatigue strength 
may be considerable; a more colrprehensive test series with vrider 
variation of pitch and number of rivet rows is necessary to e tablish 
the fundamental Lnfluences. At the ssme tune, recent work (27 has 
shown that length of overlap may be a significant parameter in the 
fatigue strength of Redux Joints even when At has ceased to be of 
importance in the static case. Thus, slight over-design for static 
strength may yield considerable benefit under fatigue. The testing 
of such spccunons is an obvious cxttnsion to the present work as also 
is the development of joints with ta~cred strop plates to improve the 
stress distribution u1 the sheet and the glue at the actual joint. 
A serious difficulty in the testing of such Lqroved Joints ~~11 be the 
design of suitable end attachments to ensure failure at the Joint snd 
not at the attachments, possibly necessitating a change in the basic 
design of specimens. 

Quite apart from these dcvelop~nts the problem of scatter 
in endurances for Redux Joints requires more consideration - particularly 
under those stress ranges where failure of the bond itself ocours. 
The nwber of specimens tested in the present series VW too limited to 
provide a reliable assessment of the probable scatter. In this 
connection the occasional premature farrlurcs sre of great practical 
importance snd any further work should include the correlation of 
endurance with t!lo relative extent of cohesive and interfacial failure 
as well as with such process quality measures as the standard peeling 
test. 
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- ___. -_-_ -- -.-__- -... -.--__ ___ -. .,...--- .-__ -- _..________.______ 

0. I$ Proof stress Ultimate Stress 

Ihterial ?-- - 

lb/m? t k&!l.a ' lb/m,a : @,/c;n;l j 
. -___---__-.~--~~- 

IYl!D 610~ i 40,100 2,800 G3,600 LL,L80 1 
; (33,600) (2,360) (56,000) (s,soo) 

77,200 
(71,600) 

------I 

5,ti0 
(5,050) 

T%.DLE II/ 
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TABLE II --- 

Avera.go Static Tensile Stren$zhs of Joint ~mcns 

I 
u1tiuato stress 

Biaterml Type of Joint Ult. load _- . iLode of 
i ivfctric tons. ----! Failure 

lb/in? lq./c~.2 

IY~?D 610~ 
i 

Rudwc 12.G 4ti,200 3,400 1 
M'D 546B 11 16.6 1 
DCD 687A 

: 63,500 4,470 
II 19.5 74,500 5,250 1 I 

DTD GIOB Rlvetud (2 row) 10.0 5lsOOO 2 3,590 
.wm 546s I' $1 ~ 9.6 49,000 3,450 2 
DTD GU'ln " " 10.0 51,000 3,590 2 1 4 
DTD 610~ 11 (3 row) 11.9 60,700 3 
DTD 607~ " " : 14.2 ' 72,500 

,4,280 
5,100 2 

Modes of failure: 

1. Shear of Redu bond 

2. Shear of rivets 

3. Tension ia sheet ct outer mvet row 

Note : Strcsscs in rlvetcd Jomts arc based 
on nett arcn of sheet ct rlvct line. 

TABm III/ 
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TAT353 III -- 

(i) D.T.D. 61OB 
Fatir,ue Test Results for Rcdux-Bonded Specimens 

(see Iv!& 1) 

P mill Pm&x 'h Life 

(metric ton) : (metric ton)' 'ult 
Specimen iCycle : Mode of 

jx 103 
lWi.lwe 

0 : 8.0 0.635 'IAI- 7 i 25.6 1 
-16 1 13.1 1 
-20 Zero : I,2 
4% 

: 2*6 -39 51.4 P2 

0 6.0 , 0.476 IAI- a i 151 1 
-11 log I 
-25 : 93 : I 

0 5.0 0.397 IAI- 2 : 250 3 
-5 : 
-17 

273:3 
i 52 1,2 

-19 12 
-21 : 62.; : 112 

0 4.0 0.313 1~1-32 -35 z: : k 
-38 : 

u&l- Iw 
- i'w 

&4 ; 1 (8:oc,10cc) 
, 655 1 (100c,100c) 

0 3.5 0.278 241- 4w 2&l i 1 (1occ,iooc) 
-1lw 11720 5 

0 3.0 : 0.238 lal-33 
-36 
-40 3400 4 

2Al-low 5170 i j 5x 

2.0 8.0 0.635 IAI- 6 58' 1 
-14 32.2 1 
-22 4.8: 1 

2.0 7.0 0.556 2Al- 4 : 

2.0 6.0 O./p76 IAI- 9 
-12 
-27 

(Contmucd)/ 
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P Plll,X 
4 

min ? mnx j LlfC 

(metrm ton) ' (metric ton) P 
u1t 

j E$x?cimen Cycles 
x 103 

2.0 : 5.0 0.397' lAl-31 1,610 
-34 1,796 
-37 

i 2Al- 5vu 
1,972 
Lb, 000 

: 
4 
j 

4.0 9.0 0.714; al- 1 95 I 
-5 I10 1 

I 2oc),1ooc) 
5OC,SoC) 

L. 0 8.0 o.Gj5: IAI-IO 355 1 
-', 3 237 1 
-25 278 '3 

4.0 7.0 0.556 Ml- 4 55: : 3 
-18 1.1 I,2 
-29 1,502 i i,j 

- 

I;.. 0 6.5 0.516' 2&l- SW 13,230 5 

4.0 5.0 0.476 IAI- 3 Lb,820 5 
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(1%) D.T.D. 546~ 

P mm %ElX %ax iJ%e 
: s ,specmen (cycles 

(metric ton) (w2tr2.c ton); x lb) 

0 7.0 : 0.426 ICI- 6 A...1 1 
-33 22.7 1 

I 1ooc,1ooc) 
1ooc,aoc) 

-25 119.8 4 
-32 45.9 1 (8cc,10cc) 

l- I 
0 6.0 : 0.367 ICI- 3 4J+a. 6 1 (100c,10cc) 

-22 76.4 1 " " 
-18 28.5,1 11 It 

5.0 ! 0.306 1~1-24 ~8.6 1 (1ooc,1ooc) 
-2 197.4 1 1' " 
-27 IS.4 4 
-1 285.5 3 

0 4.0 .; 0.245 ICI- gw 8'3 3 
j / -1 lw 

- $v 
2% :; 

- Iw 302 1 (100c,10cc) 
-16 1,003 4 
-29 542 3 
-15 a29 4 

0 3.5 i 0.212 ICI- 2w '1,430 1 (1ow,1ooc) 

0 3.0 j 0.181 ICI-10~ 10,636 5 

2.0 a.0 i 0.487 ICI-34 43.6 1 1ooc,1ooc) 
I -'I3 109.2 I I ,6cc,im) 

2.0 7.0 ; 0.426 l!W~ 123.4 I (2cc,aoc) 
232.6 : 4 

' 2.0 6.0 0.367 1~1-25 384 3 \ 
-5 413 3 

2.0 5.0 1 0.306 ICI- 4 1,200 j j 
-30 1,207 : 3 

2.0 : 4.5 i 0.271 ICI- F 11,360 : 5 

contmlea/ 
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pmin P xax P *mx LlfC 

(metric ton) ! F-- : (mtric ton), 
Specimen (cycles Mode of 

ult x IO") 
Failure 

O.rj&Z ICI-12 25.2 1 (8E,lOoc) 
-9 95.1 1 (l3oc,vcc) 

(iii)/ 
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(iii) D.T.D. 687A 

pndn P nwx "E Infc j 

mtric ton) ' (nctric ton) 'ult 
spcclmen '(cycles ! 

Mode of 

:. -I OS ) ! l.kLllU.tV 

0 8.0 

6.0 : 121- 3 ‘1% ‘3 

-16 $51 -28 153 i; 

0 5.0 0.255 IDI- y 157 i3 
-13 : 177 ‘3 
-26 ?87 :3 
-40 jti3 :3 

0 4.0 0.205 1~1-33 
I -36 

-39 
2Bl- 7w 

- Iv? 
- ;w 
- 5w 

3Wk 13 
483 4 
418 14 
116 'I,2 (9cc,10cc) 
809 3 
614 '4 
559 :3 

0 3.0 0.154 121-32 1,321 14 
-35 Jr,556 i5 
-38 9s 14 

ZBI-<Our 15,802 j5 

2.0 10.0 0.512 121-30 
-23 26.8 '1 
-21 11.1 1 
-14 26.9 jl 

2.0 9.0 0.462 lD1-29 51.6 1 
-L ?5 56.7 :I 
-19 58.4 1 
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2.0 6.0 0.308 2Bl- G ‘G-48 
-8 409 
-5 355 i 

3 

: 

2.0 5.0 0.2; aI- 1 1.005 
-5 911 : 
-I? 911 : 3 

2.0 4.5 0.231 2.31- %l 12,542 5 
- 

!t.O 10.0 0.512 IBI-18 106.5 3 

9.0 0.462 2~1-13 , “7 

-15 1;; 

-.-+.---.m.-.----. -.--.---.4-. ------.---- 

0.0 O./&IO 2Bl- 3 230 
-16 281 : f 

7.0 0.357 2Bl- 2 
: 

1,673 

I 

-12 2,093 
I 
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TAim IV 

Fatigue Test Results for Riveted Joints 
(see Fiqs. 2 and 3) ---- 

(i) D.T.D. 610~ - 2 rivet rows 

0 7.0 0.70 lA2- 8 8.0 
-12 

j 1 
1 

-15 : 1 

0 6.0 0.60 : 182-14 18.5 i 1 
-20 : 21.7 I 
-27 20.0 : 1 

0 : 5.0 : 0.50 Ih2- 2 35.7 1 
-10 30.9 ; 1 
-26 25.3 1 1 

0 4.0 0.40 : lA2- 9 72.3 : 1 
-16 80.6 1 
-23 69.4 1 

0 ; 3.0 0.30 I&?- I 187 i 1 
-15 161 ; 1 
-28 357 1 : 

0 : 2.0 0.20 .lA2- 7 700 : 1 
-13 1,2&J. 1 
-24 658 I 
-30 357 : 1 

0 I.5 .a.15 ,2!42- 3w 23,150 2 
- 6w 73,150 2 

2.0 7.0 0.70 lA2- 5 19.0 : 1 
-11 14.8 1 

t 
2.0 6.0 0.60 1112-18 33.1 : 1 

I -3 28.7 1 

2.0 5.0 0.50 11~2-19 68.3 j 1 
-6 81.2 : 1 

2.0 /+.o '0.40 :lA2-22 250 i 1 
-36 203 : 1 

Continued/ 
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r 
P min P 

max 
? j iire 
-L?sz j s$cslnen (cycles 

y;;; 
L 

(metric ton) (filctric ton) Pult ; x 103) 

1 4.0 -- 8.0 : 0.80 1 1h2-34 -37 11.6 12.7 1 1 

7.0 : 0.70 i 1~2-31 30.9 1 
-32 36.9 1 

--- : J- 
6.0 0.60 : 1~2-38 93.0 1 

-35 87.8 1 

w--.-L -------.--x~-d.-- _.-_ ""-.A."----------. 

mae of F211uE: -- 

1. Tension in sheet at outer rLvct row 

(ii) D.T.D. 546B - 2 rivet rows 

P x,ln plm.x 2;,3x Life 
- specimen (cycles' LI0de of 

(nctric ton) (metric ton) P1.t x 103) 
ZhllWe 

6.0 0.63 lC2- 2 13.5 1 
-13 14.6 1 

5.0 ; 0.525 lC2- 4 37.0 : 1 
-14 21.5 1 

s 0 4.0 ] 0.42 'X2- 9 115 1 
-23 75.5 : 1 

0 3.0 j 0.315 1x2- 3 : 161.8 1 
-10 120 1 

0 2.0 ; 0.21 :1c2-10 3,800 j I 
-16 1,658 1 

2.0 7.0 0.735 ' : ilC2- 7 14.5 
-12 13.0 ! 

I 
1 

' 2.0 6.0 0.630 jlc2- 1 28.1 1 
: -11 25.7 1 

2.0 5.0 0.525 ;lC2- 5 70.0 j 1 
-19 40.9 : 1 

2.0 4.0 ; 0.42 *ic2-15 : 261 i 1 
-8-L 241 1 

Node of Failure: 

1. rlk2xxi.on in sheet nt outer rivet row. 
(zii)/ 
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(iii) D.T.D. 68x4 - 2 rivet x-m 

PElLtl P P IIax , Life 
ib3.e of 

(mitric ton) 
= specmen (cycles 

(metric ton)’ Pult ’ x 103) 
Failure 

0 6.0 i 0.60 lB2- 3 11.2 1 
-16 ?3.8 1 
-20 10.8 1 

0 5.0 0.50 lB2- 4 17.2 1 
-11 20.2 I 1 
-17 25.8 1 

0 , 4.0 0.40 lB2- 5 32.4 1 
-8 43.6 1 
-12 / 37.6 1 

0 3.0 ' 0.30 IBZ- 6 87.6 1 
-9 51.4 1 
-13 58.2 1 

0 2.0 0.20 lB2- 2 130.5 1 
-15 165.6 1 
-19 321.6 1 

2.0 7.0 . 0.70 lB2-34 8.3 1 

:3;i 2: 1 1 

2.0 6.0 0.60 lB2-35 16J+ 1 
-26 16.2 1 
-25 14.5 1 

-21 19.5 1 

’ 2.0 5.0 0.50 lI32-27 31.1 
-23 23.0 

2.0 : 4.0 O.f+O 1 B2-2.4. 135.9 1 
-22 98.2 1 
-39 94.3 ; 1 

4.0 8.0 0.80 lB2-32 8.5 1 
-37 1 a.5 I 1 

4.0 7.0 0.70 lB2-10 Il.9 : 1 
-29 16.6 1 
-28 17.7 1 

! 

ccntmuea/ 



4.0 6.0 ' 0.60 ; lB2;+$ 

1. Tonslon m sheet zt outer rivet row. 

(iv) D.T.D. 610 - j rivet row3 

P ‘--------.~-~~----~~~~o~m~n g-y-p&q min P nwx 

(mctr1c ton (metric ton): ult 

0 : 6.0 0.504 w- 4 t2.7 1 1 
: -14 , IO.3 : 1 

0 5.0 0.420 PLY;;?- 3 29.5 j 1 
-13 45.2 : 1 

0 4.0 ] 0.336 3~2- 5 57.2 i 1 
-15 212.5 1 

0 3.0 0.252' ji12- i 335 i 1 
-16 1,273 : 1 

0 2.0 0.168 yL2- g 8,949 i 1 
-20 i12,000 : 2 

2.0 6.0 0.504 jh2- 6 93-7 1 
-11 47.9 j 1 

2.0 5.0 0.420 3A2-;0 : ~: 378.4 j 1 
-17 378.4 : 1 

2.0 4.0 0.336 3k2- 8 1,462 j 1 
-12 1,165 : 1 
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(VI D.T.D. 687 - 3 rivet rows 

P P 
pmx mm max : Life 
-- 

(mctrlc ton) (metric ton) 
P .Specimen ; (cycles . 

u1t x 103) 
FplAf 

0 6.0 0.1+26 3BZ- 2 ' 10.4 1 
-11 13.9 1 

0 5.0 0.355 ,332- 1 54.2 1 
-17 29.2 1 

4.0 0.~334 352- 4 113.7 I 
-19 73.3 1 

‘ 0 3.0 0.213 .3~2- 5 652 1 
-18 222 1 

2.0 0.142 3~2-10 5,471 1 
-15 3,425 1 

2.0 7.0 0.497 3B2- 9 13.6 1 
-14 12.7 1 

2.0 6.0 0.426 3~2- 8 26.1 1 
-16 19.2 1 

2.0 5.0 0.355. 3~2- 6 109.6 1 
-13 57.5 1 

2.0 4.0 0.28k 3~2- 7 306 1 
-12 306 2 

li0d.c of Failwc: 

I. Tensxm of sheet at outer rlvct line 

2. Did not fail 
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FIG I. 
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FIG. 5. A, B BC 

A I.0 inch stratght taper to 0 050 step 

B I -5 inch straight tapet- to O~OIO S&P 
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I I 
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FIG 7. 

KEY TO GRAPHS 

REDUX JOINT 

0 DENOTES REDUX FAILURE 
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BOTH JOINTS 

- NO FAILURE OF SPECIMEN 

- PREMATURE FAILURE 

VERTICAL AXES 
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