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PROGRESS SUMMARY NOe I @'——m0 o ——

MECHANICAL, PROFERTIES OF FLUSH-RIVETED JOINTS
SUBMITTED BY FIVE AIRPLAHE MANUFACTURERS
By William Charles Brueggemen
INTRODUCTION

Inform=tion on flush~rivotod joints for alrcrcft con-
struction is groatly needed in tho present emergonor. The
National Buronu of Stondards is invostigrting tho mochanical
properties of flush-rivotcd joilnts at the rogucst of tho
¥ational Advisory Oommittoe for Aoroneutics snd with tho co-
oporetion of tho Air Corps, Wer Dapartmont; the Buroecu of
Aoronnutios, Navy Doportment; ~nd the Civil Aoronautics Ad-
ministrntion, Dopartmont of Commorce.

From tosts on a serlos of standerdized spocimons obtolnod
from o numbor of alrplano manufacturors, tho strongth, ooour-
rence of defocts, and offoct of the anglo of tho rivot ho~d
hrvo boen dotorminod. The spocimons represont combinations
of structural momobors frequontly joinod by flush rivots cord
woro dosigned to nfford a comparison botwoon tho difforont
types of rivot and rivoeting procoss.

Tho prosont program contomplates tostea on sories of
spocimons from 15 manufacturers of which 5 sorios hnvo boon
complotod and aro roported horoin. As soon as tosts woro
complotod on ench sorios tho rosults have boon mrdo avellablo
in thc form of o progro:s roport to governmontrl agoncios and
to tho mraufacturor. After all tho spocimons aro tostod it
1s oxpoctod thet o roport summarizing tho results ard comaring
in dot=1l tho sevoral types of jolnts will bo publishod. How-
evor, duo to tho immodinto neod for this informntion, tho ro-
sults will be reloasod from timo to time in the form of o

Progross SULMATY.
SPECIMENS

Tho snocimons compliod with "Spocifiontion for Flush—~
Riveted Toast Spocimons, Sooond Berios," which wns preperod
by tho YNetional Buroan of Standards for this invostigation.
Sheorinz and tonsile spocimons typos I to VI aro showvm in
figuro 1; spooimons YII, VIII, snd IX aro oxhibit spooimons
ghowing constructional dotails of tho joints; spooimona X
and XI oontain a suffioiont numbor of rivots to dotormino tho




frequency of cracks and consist of a pair of dimpled eheets
Joined by 50 flush rivets as follows:

Sheet Rivet
Specimen  thicknese diemeter
(in.) (in.)
X 0.025 1/8
X1 .00 3/16

The mamufacturers' names are not given but the manufac-
turer and hls gpecimens are deslgnated by the number of the
progress renort in which the results were glven. Manufacturer
1l and K are the same; the two numbers refer to his countersunk
(the term "countersunk" refers to the sheet adjacent to the
manufactured head of the rivet) and dimpled specimens, res-
pectively, whlch were revorted separately. Thus there were
5 manufacturers and 6 reports.

The rivets were the followlng:

Revort Eead Alloy**
Angle diameter* depth*
(deg.) a d
1and 5 115 2.05 0.37 A17S-T and 245-T
2 78 1.60 .37 A175-T
3 115 1.30 .29 A17S-T
4 7¢ - 1.60 .37 Al175-T and 17S-T
6 100 1.83 .37 Al7S~T and 248-T

*3 = nominal shank dlameter. In some cases the head
proportions varied slightly for some slzes; the
value given 1s approximately the average.

**5s stated by the manufacturer.

Each menufacturer stated that the sheet alloy was alclad
24S-T exceot that manufacturer 4 stated that the alloy for his
specinens was 2US-T. Shearing tests of the rivets and temsile
tests of the shest were made by the Natlonal Bureau of Standards



to determine compliance with Army or MNavy speclficatlons. The
shearing and tensile properties, resvectively, compllied with

¥rom the manufacturer's description of the riveting proc—
ess 1t 18 belleved that the sheets were separately dimpled in
all cases. Generally the male dimpling tool for the surface
sheet had an Included angle about equal to that of the rivet
head, but the female had a greater angle. Both had a greater
angle for the sheet underneath the surface sheet; this under—
neath gheet was countersunk in .the type~IlV specimens of report
6. A fow of the rivet holes showad evidence of being roamed
after dimpling, probably for the purpose of alinement. Most
of the holes were burred. BRivets were driven by squeozing,
one~shot i1mpact, or repeated impact. Tool drawings submitted
by mamufacturers 2 and 4 showed similar dimpling tools and
similar constructional practices.

TESTS

Tenslle loads were applied to tho shearing specimens to
cause shearing and bearing loads on the rivets. The slippage
was determined on at least one shearing specimen of each kind
by applylng e load, unloading to almost gzero, measuring the
slippege, applying a greater load, etc. The slippage was
measured by soribling a line with a razor blade on the odges
of the overlapplng sheets opposite a rivet and measuring the
offset in this line by means of a Brinell microscope (fig. 2).
Tho offset was measured for each load after that load had
been applied and released to almost zZero. Offsets measured
on both edges of the specimen were averaged. Generally the
naximum load was determined on three shearing specimens of
each kind.

The tonsile specimeng were attached to the testing machine
as shown 1n flgure 2 and the breaking load was determined.
Three or four spccimens of oach kind were tested.

Specimens VII, VIII, IX, and in some cases shearing
speclmens representing several combinations of 4 and +
wore sectloned for ezamination to detormine the construction
and the occurrence of defects. The rivets of specimens X
and XI were drilled out and the sheets were examined for cracks.




RESULTS

Ioad~slippage curves were plotted for all shearing
epecimons on which slippage was detorminod. Nominal shearing
and bearing stresees corresponding to slippages of 0.014,
0.034, and 0.05d for some manufacturers, 0.01d, 0.05d, and
0.104 for others, were determined from these curves and
plotted in figures 3, 4, 5, and 6. In these figures the co-
ordinate axes are the shearing stress 65 and the bearing

stress S,. A circumferential scale of 4/t determined by
eliminating load from the relationships

-]
load =‘I%- S, = dt8, for types I and III

a
load =2 -"-[dr By = 2dt5;, for types II and IV

is also showm on the graphs. The hollow characters (circle.
triangle, or square) on & radial line indicate the stresses
corresponding to the three slippages for one apecimen whose
d/t ratio corresponds to that line. The maximum stresses
for this specimen are indicated by a solid character. Othor
golid chargcters on or near the radial . line are the maximam
stresses for additional shearing specimens of the seame lind.
In computing stresses and d/t ratio tho nominal rivet diam-
eter 4 and the moasurod sheet thickness t as ehown in
figuro 1 were used. Where ithe Joint contained two sheets of
the spame nominal thickness but different moasured thickness,
the measured thickness of both was averaged.

The tensile strength was computed for the temslle spe-
cimens by dividing the breaking load by the nominal crops~
sectioral area of the rivet. The ;ults are given in
figuree 7 ond 8.

Photomacrographs of the sectioned specimens are shown
in fizures 9 to 11 and 13 to 15. Figure 12 shows radial
cracks in report-2 specimens.

For the purpose of comparison, the menufecturera are
listed belowr in the sequence of decreasing shearing and



-.or abt failure.)

5

bearing stress at a glven slippege or at fallure. (No. 1 of
the sequence showed the greatest stresses at a glvemn sllippage

The sequence was determined by tho magnitude of the
atrocses over a range of d./t at vhich a given slippage or
failure occurred. In somo cases 1t was difficult to determine
the soquence due to the scatter of the pointas and to the fact
that the segquenco frequently varied with the d/t ratio. In
these casos tho assigned sequence depends on porsonal judgmont.
Vhere sevoral repcrt numbers are underlined the rossults are
Judged to be about oqual.

In comparing the epecimena it 1s neceassary to evaluate
tho effoct of tho rivot clloy. All of the manufacturers usod
A175-T rivets, but manufacturers 4, 5, and 6 usod strongor
alloys in additlon for scmo ewocluens, particularly in the
3/16-inch and 1/4-inch diamoters. The graphs for mamufacturor
6 suggost that the uso of 24S-T for the lowor d/+ ratios
whore tho gpocimons are critical 1n shearing would lmprovo the
slippage and the strength. In report 4,178-T-rivotod spoci-
mons (&/t = 3.1) bod loss slippage and groator strongth than
comparablo spocimens emplioying Al75~T rivota. Report H shows
littlo offcct of tho rivet alloy.

Tho tablo shows that, in genoral, report-6 dimpled snoci-
mene hnd tho least slippago for typos I end II, report-i for
typos III end IV; ono or tho other of roports 4 and 6 showod
tho grcatost broaking strongth for the four types. Reports
2 and 3 showod tho loast slippage for countorsunk spocimens.
Tho broaking strength of report-5 dimplod tenslle spocimens
was tho greatcet. Thus no report ahowed suporiorliy for all
types of spocimecn. )

Figuro 9 shows, at the lower right, a joint in vhich the
countersunk head extends practically through the necond shoet.
This condition 1s belleved to be conducive to alippago whore
tho head angle is as groat as 115° and to facilitato lapping
of tho upseet shank over tho root of the manufacturod hoad.

Gonerally the conformance of tho sheets to sach other and
to tho rivot at the dimple is bolleved to bo good and thors
wero few obvious defocts, such as clearances, cracks, volds,
etc., which would eoxplain difforonces in behavior. Angulaer
clearance in some machine-countersunk specimens 1s ovident in




figure 9 vhore manufacturer 1 used a 120° countorsink of his
115° »ivet. Occasional slight clearance of a dimpled shoet in
tho machino~countersunk backing member may bo seen in soctionod
spoecimons for several manufacturers.

Bedial cracks were found only in specimens X and XI of
roovort 2 as shown in figuro 12. These occurred in one or the
othor sheet or both at 8 percent of the rivot holos in spoecimon
X oand 62 porcont of the holcua in cpecimon XI. Moot of the
cracks woro quite sm:ll but a fow oxtondod almoat to tho rim
of tho dimplo. No clrcumferential cracks were found.

National Buroau of Standards,
Washinzton, D. C., January 1§, 1942.



TABLH

SBQUENCE OF EEPORT NUMBERS FOR DECHEASING STHESS
COHRESPONDING TO A GIVEN SLIFPAGE

Blippege = 0.01d
Dimpled Countersunk®
Sequence Soquonco
Typo 1 2 3 4 5 1 2 3
1 - - - 3 2 1
11 E 2. 58 3 4 2 3 1
I1I - e - - - 2 3
v 2 4 3 5 5 3 2
£lippage = .05d
I 6 2_5 4 3 3 2 1
11 6 2_6 4 3 2 5__13
III Yy 2 3_6 5 2 L
v Y 2 3 § 6 3 2
Slivpage = ,10d4
I 6 4 5§
II 6 5 4

G

Sequence for decreesing shearing strength

I 6 2_4 5 3 1 2_3
II 6 5 2 4 3 2 _1 13
111 6 4 5 2 3 25 ww
Iv L} 5 6 2 3 23 ™
Sequence for docreasing tenslle strangth
v B 6 2 ¥ 3 2
Vi R 6 3 2 ¢ 3 2

*A178~T rivots.
**Mamufecturer 1 did not submit types III, IV, V, and VI.
~The points woere too scatterod to determine the sequence .

#Manufacturer 4 submitted tensile specimens but their range of
d/t does not permit a good comparison with other apecimens.
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Figure~9. Cross section of specimens from reports 1 and 5.

The specimen at the lower right consists of a }-in, 24ST rivet in
0.,064-1in. sheets. A shearing load of 400 1b per rivet had been ap-
plied prior to sectioning, otherwise this specimen is nominally the
same as the one directly above it.
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from report 2. '
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Figure 11. Cross section of additional specimens
from report 2.
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On top, specimen X; on bottom, specimen XI.

The sheets are those adjacent to the driven head.
Most of the cracks were smaller than the ones shown.
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Figure 15. Cross section of
specimens from report 6.
Construction A on right as
distinguished from construc-
“tlon B was used for all
dimpled type-IV specimens.
Dimples from specimen XI are
shown above.
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