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By Merven W. Mandel and Leonard M. Bartone

SUMMARY

An investigation was conducted to determine and
compare the tensile strength of NACA and conventional
machine=-countersunk flush rivets of several rivet-

head angles and varying countersunk depth. The results

of the investigation are presented in the form of curves
that show the variation of the tensile strength of the
rivet with the ratic of the sheet thickness to the

rivet diameter,

INTRODUCTION

Comparative cdata on the tensile strength of machine-
countersunk flush rivets are scarce, although it is
known that rivets are under tensile load in many applica-
tions., = An investigation was therefore conducted to
determine and compare the tensile strength of NACA
machine-countersunk flush rivets and of conventional
machine-countersunk flush rivets., The eftsct of rivet-
head angle and depth of countersink on the tensile
strength of both types of rivet was investigated.

SPEC IMENS AND RIVETING PROCEDURE

Eech specimen consisted of two sheets of 2,S-T alu-
minum alloy of equal thickness, assembled with one
Al17S-T aluminum-alloy rivet, as shown in figure 1.
Tables I and II give the rivet diameters and sheet
thicknesses for all specimens, the depths of counter-
sink for the NACA flush-rivet specimens, and the heights
of the rivet heads above the sheet surface before
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driving for the conventional countersunk-rivet specimens.
For the NACA flush rivets, the depth of countersink
(designated ¢ and shown in fig, 2(a)) was measured
with a [j0° conical snindle mounted on a dial gage
graduated in ten-thousandths of an inch. For the
conventional countersunk rivets, the height of the rivet
head above the sheet surface before driwving (desig-
nated hy and shown in fig. 2(b)) was also measured
with a dial gage.

The NACA flush-riveting procedure (method E of
reference 1) 1s shown in figure 2(a). The rivet hole
in the sheets of the specimen was machine-countersunk
with a 600, 82°, or 100° countersinking tool. An
A,%0 round~head rivet was inserted from the back of
the Jcint, and the manufactured head of the rivet was
then driven with a vibrating gun while the shank end
of the rivet was bucked into the countersunk hole with
a bar, The protruding portion of the rivet head was
removed with a flush-rivet milling tool similar to
that described in reference 2.

The conventional riveting procedure for countersunk
rivets (method C of reference 1) is shown in figure 2(Db).
The rivet hole in the sheets of the specimen was machines
countsrsunk with an 82° countersinking tool for the

ANL25 78° countersunk-head rivets, and with a 100° counter-

sinking tool for the ANj26 100° countersunk-head rivets.
The rivet was inserted in the rivet hole and the
manufactured head was driven with a vibrating gun while
the shank end was bucked with a bar,

TEST PROCEDURE

The test procedure was the same as that described
in reference 3. The specimens were mounted in the
fixtures shown in figure 3, The small rods on each of
the fixtures pass through the holes in one of the
sheets of the specimen and bear against the other sheet.
When load is applied, the rods push the sheets of the
specimen apart. Loads were applied to the specimens in a
hydraullic testing machine accurate within one-half of
1 percent, Maximum load and type of failure were
recorded for each test.
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RESULTS AND GONCLUSIONS

The results of the tests are glven in tables I and
IT, and typlcal specimens after failure are shown in
figure lp. The variation of the maximun tensile load
with the sheet thickness 138 shown in figures 5 to 9. It
may be noted in ligures 8 and 9 that the tensile strength

of the géuinch-diameter conventional countersunk rivets

was ‘increased slightly for values of hp greater than

| zero and decreased slightly for values of hyp 1less than
Zero,
|
|
|
\

In order to permit comparison of the results for
the different types of rivet tested, the values of the
tensile strength of the rivet, expressed as a fraction
of the tensile strength of the rivet shank, were plotted
against the ratio of the sheet thickness to the rivet
diameter 1n figures 10 and 11, .The tensile "strength
of ths rivet shank was taken as an average of the maximum
loads for those specimens that failed by tension of the
shank, Curves were faired tarougn the points so plotted,
as shown in figures 10 and 11, These curves were used
in the preparation of additional figures (flgs. 12 to 15)

’ in which the effects of the different variables are

revealed,

rivet-i=aC angle the honsile strength increased with the
ratio of countersuvak denth to rivet Giameter c/ﬁ. (See
fig. 12.) PFor ¢/3 = 0.50 and rivet=head angles of
600, 829, and 1009, the full tensile strength of the

| rivet shank was developed for values of the ratio of

| sheet thickness to rivet diameter t/d greater than 0.7.

NACA machine-countersunk flush rivets.~- For a given
1
-

For a given value of c¢/4, he tensile strength
incressed with rivet-head angle, but at c¢/d = 0.50
the tensile atrengths of the 100° rivets were only very
slightly greater than for.the §2° rivets. (See fig. 13.)
For c¢/d = 0,36 and 0,50, the tensile strength of the
60° rivets approached the tensile strengtk of 82° and
100° rivets as t/d approached 0.7.

Conventiongl countersunk flush rivets.- For values
of t/d greater than about 0.l the tensile strength of
ANL25 78° conventional rivets was higher than for
ANli26 100° conventional rivets. (See fig. 1l,)
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For t/d greater than about 0.7, the 78° rivets

developed more than nine-tenths and the 100° rivets,

more than about eight-tenths of the tensile strength of
the rivet shank. From the tensile tests of the NACA
rivets, it is concluded that the greatser tensile strengths
for the 78° rivets were caused by the higher c¢/d ratio
(¢/d = 0,50 for the 78° conventional rivets; c/d = 0.33
to 0.38 for the 100° conventional rivets).

Comparison of NACA and conventional machine-
countersunk rivets.- For the same rivet-head angle -
or essentially the same rivet-head angle - and for a
given value of ¢/d, +the NACA rivets developed higher
tensile strength than the conventional rivets. (See
Tig, 152

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

TENSILE S8TRENGTH OF NACA MACHINE-COUNTERSUNK FLUSH RIVETS

Sheet Depth of Rivet-head angle, 60° | Rivet-head angle, 82° | Rivet-head angle, 100°

thic:ne”' t/a count:rsink, c¢/d [Max, load| R |Type of|Max, load| R |[Type of|Max, load| R (Type of

(in,) (in.) (1b) (a) | failure| (1b) (a) |failure| (1b) (a) |failure
Rivet diameter d = 3/32 in.

0.025 0.270 0,025 0,267 109 0,253 (b) 18l 0.L28] (v) 1 0.265| (b)
025 «270 +035 -32& 39 323 (b) .183( (b) 10 .21;3 (b)
.032 o3 «025 207 T 32| (b) 190 Lh2| (v) 239 55 (b)
032 o342 .035 . gu 151 1| (b) 213 .%95 (b) 0 .Zag (b)
. 032 B2 045 )i 0 191 ﬁjzlé (b) 280 .651| (b) 293 * (e)
.alo 029 .025 .267 210 o (b) 230 5351 (e) 2 541 (b)
oly. .29 <035 . gh 205 L7l (v) 567 () 2 .660[ (c)
.ao hﬁﬁ L0045 ﬁ 0| 255 .593| (v) 260 .605( (b) 351 .816| (b)
.051 .5 .025 267 230 .5351 (D) 273 .635| (e) 350, .823| (e)
051 <5l .035 -Egh 32 -736 (b) 367 .853| (b) 71 .Bga (c)
.051 Zgh .05 480 33 ZG (b) ﬁgz <9191 (e) 3 <9 (e)
o | ocE |z s | SR |l | & o
. N . . . . . c
.0 .68; oﬁg .ﬁgo 9 951 (b) 15;22 981 (3) 355 1.019| (a)

Rivet diameter d = 1/8 in.

0.032 0,256 0.0 0.280 2 0.2 (b 261 0.348]| (v) 2 0.38 (b)
032 .226 2 .360 2511; zgg (bg 26 .Bhs (b) 5?2 323 {b)
.afo +320 .035 .280| 284 379 (b) 31 322 (b) 3169 92| (e)
o0 .320 .05 .360 281 .375| (b) ab,o 53| (v) Z .256 (b)
.051 o 045 .360 569 (b) 31 .575| (b) 50 .676| (b)
.051 L0 .065 .520( Lo -zg_? (b) 8 -ghs (b) 552 <737 (®)
.08l .513 045 360 51 . (b) 2@1 5| (e) 508 - (e)
.06 .513 .% .520 5 769 (b) 665 .8 (b) 90 1.0 (e)
R R IR AR R
. . .0 o . c . c -

ﬁei g .0 : .520 ji ﬁzg (a) 753 1.0 (d) gos 1,075 (4)

Rivet diameter d = 5/32 in.

o.ai0  o.258] . 0.288 0.301[ (b) 73 |0.326] (b) L81 fo.k21] (b)
.d*o .zgs .gh 2 .333 329 .288( (b) éos .355( (b) %15 363/ (b)
.051 »325 -025 2 T3 .326( (b) 36 «55 (b) 69 -5%3 (v)
.051 »325 .055 +353 19 .366| (b) 570 L9811 (v) 810 g (b)
th <41 .055 . 33 535 %69 (b) g .689| (b) 955 833 (c)
s M @ | Ko g ow | e e g |

. . . c .
1081 §i 2 agi ;;g 852 (b) 1160|1014 (o) g%o ‘&o| ()
.102 .6 055 .353| 1110 971 (4) 1000 Bza (b) 1100 972 (e)
.102 650 . Zs L1771 1130 901 (a) 1060 ‘ (a) 1170 1.023| (a)
\ .102 654 .075 L4811 1159 .012] (a) 116, 1.019{ (d) 1210 1,091 (d)
Rivet diasmeter d = 3/16 in.
5 z 0.28 0 (v) 8o 0.4 (b) 762 0.476] (v)

%21 o.% %.08 e L. 28 (w) 05 378| (b) 780 188) (v)

3h2 .055 283 58 Jaif  (b) 91! .512 (b) 923 .277 (e)
- 08l 32 ~065 3h6| 690 31 (v) 50 ¥ (b) 983 % 93 (b)
X N3 .055 .283| 892 .558| (c) 1032 U5 (e) 1093 . (e)
.081 A31 .0 J3L6| 930 581 (b) 1293 .800| (e) 1%0 <175 (e)
.102 i .065 3L6| 112 703| (b) 892 (e) 1,80 .925| (e)
125 667 .065 346 w.ﬁ 903 (e) 128 804 | (e) 1555 972| (o)
.125 L6617 2 : 399 15}1; .985| (e) 153 960 (o) 1635 1.021] (4)
.125 667]  .085 .L52| 1565 579 (a) 1599 [1.000| (a) | 1707 |1.067] (c)

i Tensile strength of rivet m#m%nmmmm
Tensile strength of rivet shank

£ Doountersunk head of rivet pulled through sheet.
Ccountersunk head of rivet sheared.
dpension failure of rivet shank.
\
]




TABLE II
TENSILE STRENGTH OF CONVENTIONAL MACHINE-COUNTERSUNK FLUSH RIVETS

Sheet b, Rivet-head angle, 78° Rivet-head angle, 100°
thickness, | t/d max, load R Type of [Rivet-head| c/d | Max. load R Type of|Rivet-head | c/d
t (in.)|  (1b) (a) |[failure height, C (1b) (a) |[failure|height, C
(in, ) (1n%) (3ns3)
Rivet diameter d = 3/32 in,

0. 032 0,242 0,010 27h 0. 6% (b) 0.047 0.500 27 0.63 (b) 0.0%6 0.38
.032 .3Lh2( ,000 201 L8670 () Loy .500 25 .60% (b) .ogé .282
.032 <221 -,005 195 .uﬁg (b) a7 .500 202 470 () .036 .38%
.0L0 .529 .010 319 shx] (b)) .47 .500 301 .zgo (c) .036 .383
.0l0 29| ,000 215 .523 (b) a7 .500 270 caeli (b)) .0%6 .383
.00 L29(-.005 2l7 g (b) La47 .500 255 . .593 | (b) .036 .383
.051 o5 .010 35l 82l (v) LT .500 360 837 (e) .036 .383
.051 54| . 000 293 91| (b) Lo47 .500 3),8 .809 | (c) .036 .383
051 .5gh -.005 i 0 L7901 (b) a7 500 330 .567 (c) .0%6 .383
.06l .685| .010 08 9491 (e) No'liyd .500 2 893 (c) .0%36 .383
.06l .685]| .000 297 L9231 (ec) Loy7 .500 379 881 (e) .036 .383
.06l .685|-.005 270, .870] (e¢) 047 .500 369 .858| (c) .036 .383

Rivet diameter 4 = 1/8 in,

0.040 0.320| 0,000 300 0.400| (b) 0.062 0.496 11 0.415 | (b) 0. 0.336
.051 JLoé| .o00| 5ol .%71 (b) .062 196 66 .%22 (¢) ,8&5 .3%6
.0 .513| .000 621 .829| (b) .062 196 520 .23& (c) .op2 .336
.081 LBl5| .000 71, .951] (b) . 062 196 515 871 (c) .02 .336

Rivet diameter d = 5/32 in

0.051 0.32l; {0,000 €6 0.565| (b) 0.078 0.500 516 0.452 | (b) 0.055 0.352
.06l .}10| .000 733 LB40| (b) .078 .500 704 .615| (b) .055 .322
.081 .518( .000| 1035 .915| (b) .078 .500 90 .690 | (e) .055 .352
.102 .65L| .000| 1075 9L0| re) .078 .500 15 T3 | (e) .055 .352

: Rivet diameter d = 3/16 in

0,06l 0.342]0.000 815 0.509| (b) 0.094 0.500 815° [0.509 | (b) 0,070 0.372
.081 31| .ooo| 1238 ,gga (b) .09l 500{ 1200 .730 (c) .070 372
.102 .5 .000| 1,09 .880| (vb) .09 500, 1260 .528 (c) .070 372
.125 .667| .000| 1417 .885] (e) .09l 500, 1320 .825 | (e) .070 372

ag-= Tensile strength of rivet

" Tensile strength of rivet shank

bCountersunk head of rivet pulled through sheet,
CCountersunk head of rivet sheared.
Tenslon failure of rivet shank.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Rivet

Lt 8
DlQm.,‘g ‘\
No. 18 drill
4 holes in each
sheet, equally

spaced

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure |.- Test specimen.
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Figure 3.- Fixtures and specimen
for tension tests of rivets.
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(a) NACA rivet; countersunk
head pulled through sheet.

(b) NACA rivet; countersunk
head sheared.

(c) NACA rivet; rivet shank
failed in tension.

(d) Conventional rivet;
countersunk head pulled
through sheet.

(e) Conventional rivet:
countersunk head sheared.

5
Figure 4.~ Typica&.gg -inch-diameter rivet specimens of 100° head
: angle after failure,
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Figure 5. -Variation of maximum tensile load with
| sheet thickness for NACA machine-countersunk
flush rivets ; rivet-head angle = 607
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Figure 6.- Variation of maximum tensile load with
sheet thickness for NACA machine-countersunk
flush rivets ; rivet-head angle =82°
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Figure 7.-Variation of maximum tensile load with
sheet thickness for NACA machine-countersunk
flush rivets ; rivet-head angle =007
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Figure 8.-Variation of maximum tensile load with

sheet thickness for conventional machine-
countersunk flush rivets; rivet-head angle =78
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