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PBOGEESS SUMMAHT HO. I 

MECHANICAL PROFBRTIEB GOT HiUSH-BIVETED JOINTS 

SUBMITTED BY TIVE AIHPLAHE MANOTACTUBERS 

By William Charles Brueggoman 

DfTHODUCTION 

Information on flush-rivoted Joints for aircraft con- 
struction is groatly neoded in tho present emergency. The 
Hationol Buroau of Standards is investigating tho mechanical 
properties of flush-rivotod Joints at the request of tho 
National Advisory Committee for Aoronautics and with tho co- 
oporation of tho Air Corps, War Dapartmont; the Buroau of 
AoronoutioB, Navy Dopartment; pjid tho Civil Aoronautics Ad- 
ministration, Dopartmont of Oommorco. 

Trom tosts on a scrios of standardized spocimonB obtainod 
from a numbor of airplp.no aanufacturors, tho strength, ocour- 
rencc of defocts, and effect of the anglo of tho rivot honxL 
h^vo boon dotorainod. The spocimons represent combinations 
of structural momobors frequently Joinod by flush rivotB and 
wore designed to »afford a comparison botwoon tho differont 
types of rivot and riveting procoss. 

Tho prosont program contemplates tosts on sories of 
spocimons from 15 manufacturers of which 5 sories havo boon 
completod and aro roportcd horoin. As soon as tests woro 
complotod on oach sorion tho rosulta have boon mado availablo 
in the form of a progress roport to govornmontal agoncios and 
to tho manufacturor. After all the spocimons aro tostod it 
is oxpoctod that a roport summarizing tho results and comparing 
in dotc.il tho scvoral typos of Joints will bo publishod. How- 
ever, duo to the imnodiato nood for this information, tho re- 
sults will bo released from time to time in the form of a 
progross summary. 

SPECIMENS 

Tho spocimons compliod with " Specifior.tion for 3*lush- 
Bivoted Tost Spocimons, Soaond Seriös," which was proparod 
by the National Buroau of Standards for this investigation. 
Shearing and tonsile spocimons typos I to VI aro shown in 
figuro 1; spocimons VII, Till, and IX are axhibit spocimons 
showing constructional dotoils of tho Joints; -spooimona X 
and XI contain a suffioiont numbor of rivots to dotormino tho 



frequency of cracks and consist of a pair of dimpled sheets 
Joined "by 5° flush rivets as follows: 

Specimen 
Sheet 

thickness 
(in.) 

Eivet 
diameter 

(in.) 

X 
XI 

o.o?5 
.oGH 

i/g 
3/16 

The manufacturers1 names are not given hut the manufac- 
turer and his specimens are designated by the number of the 
progress renort in which the results were given. Manufacturer 
1 and 5 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, which were reported separately. Thus there were 
5 manufacturers and 6 reports. 

The rivets were the following: 

Eeoort Eead Alloy ** 

Angle 
(deg.) 

diameter* 
d 

depth» 
d 

and 
2 
3 

6 

115 
73 

115 
7C 
100 

2.05 
i.6o 
1.50 
i.6o 
1.83 

0.37 
.37 
.29 
.37 
.37 

A17S-T and 2US-T 
A17S-T 
AI7S-T 
A17S-T and I7S-T 
AI7S-T and 21+S-T 

*d = nominal shank diameter.  In some cases the head 
proportions varied slightly for some sizes; the 
value given is approximately the average. 

**As stated "by the manufacturer. 

Each manufacturer stated that the sheet alloy was alclad 
2I4-S-T except that manufacturer 4 stated that the alloy for his 
specimens was 2US-T.  Shearing tests of the rivets and tensile 
tests of the sheet were made by the National Bureau of Standards 



to determine compliance with Army or Mavy specifications. The 
shearing and tensile properties» respectively» complied vith 
the requirements _of an Army or Navy specification for the mate- 
rial aa described by the manufacturer. 

Trom the manufacturer's description of the riveting proc- 
ess it is "believed 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, hut the female had a greater angle. Both had a greater 
angle for the sheet underneath the surface sheet; this under- 
neath sheet was countersunk in the type-IV specimens of report 
6. A few of the rivet holes showed evidence of being roamed 
after dimpling» probably for the purpose of alinomcnt. Most 
of the ho? es were "burred. Rivets were driven by squeezing, 
one-shot impact, or repeated impact. Tool drawings submitted 
"by manufacturers 2 and U showed similar dimpling tools and 
similar constructional practices. 

TESTS 

Tensile loads were applied to the shearing specimens to 
cause shearing and hearing loads on the rivets. The slippage 
was determined on at least one shearing specimen of each kind 
by applying a load, unloading to almost zero, measuring the 
slippage» applying a greater load» etc. The slippage was 
measured by scribing a line with a razor blade on the edges 
of the overlapping sheets opposite a rivet and measuring the 
offset in this line by means of a Brlnell microscope (fig. 2). 
Tho offset was measured for each load after that load had 
been applied and released to almost zero. Offsets measured 
on both edges of the specimen were averaged. Generally the 
maximum load was determined on three shearing specimens of 
each kind. 

The tensile specimens were attached to the testing machine 
as shown in figure 2 and the breaking load was determined. 
Three or four specimens of oach kind were tested. 

Specimens 711» VIII, IX, and in some cases shearing 
specimens representing several combinations of d and t 
were sectioned for examination to detormine the conntruction 
and the occurrence of defects. The rivets of specimens X 
and XI were drilled out and the sheetB were examined for cracks. 



HE SUITS 

Load-slippage curves were plotted for all shearing 
specimons on which alippage was determined. Uominal shearing 
and hearing stresses corresponding to slippages of O.Old, 
0.03d, and O.O^d for some manufacturers, O.Old, O.O^d, and 
O.lOd for others, were determined from these curves and 
plotted in figures 3, h,   5t and 6.  In these figures the co- 
ordinate axes are the shearing stress 6B and the hearing 

stress Sjj. A circumferential scale of d/t determined by 

eliminating load from the relationships 

a 
load = ^ip SB B dtSj, for types I and III 

TTdS 
load = 2 -r— BB = 2dtSb for types II and 17 

is also shown on the graphs. The hollow characters (circle, 
triangle, or square) on a radial line indicate the stresses 
corresponding to the three slippages for one specimen whose 
d/t ratio corresponds to that line. The maximum stresses 
for this specimen are Indicated "by a solid character. Othor 
solid characters on or near the radial.line are the maximum 
stresses for additional shearing specimens of the same kind. 
In computing stresses and d/t ratio the nominal rivet diam- 
eter d and the moasurod sheet thickness t as ehown in 
figure 1 were used. Where the Joint contained two sheets of 
the same nominal thickness hut different measured thickness, 
the measured thickness of both was averaged. 

The tensile strength was computed for the tonsile spe- 
cimens by dividing the breaking load by the nominal crone- 
sectional area of the rivet.  The r&ults are given in 
figures 7 sad. S. 

Fhotomacrographs of the sectioned specimens are shown 
in figures 9 to 11 and 13 to 15« figure 12 shows radial 
cracks in report-2 specimens. 

Tor the purpose of comparison, the manufacturers are 
listed below in the sequence of decreasing shearing and 



"bearing stress at a given slippage or at failure. (iTo. 1 of 
the sequence shoved the greatest stresses at a given slippage 
or at fail-ore.) • . 

The sequence was determined "by the magnitude of the 
strosses over a range of d/t at which a given slippage or 
failure occurred. In somo cases it was difficult to determine 
the sequence due to the scatter of the points and to the fact 
that the sequence frequently varied with the d/t ratio. In 
these oases the assigned sequence depends on porsonal Judgmont. 
Where sevoral report numbers are underlined the rosults are 
Judged to he about oqual. 

In comparing the specimens it is necessary to evaluate 
tho effect of the rivot clloy. All of the manufacturers usod 
AI7S-T rivets, "but manufacturers 4-, 5» and 6 usod strongor 
alloys in addition for scno apocijflons, particularly in the 
3/16-inch and 1/4-inch diameters. The graphB for manufacturer 
6 suggost that the use of 24&-T for the lover d/t ratios 
whore the specimens are critical in shearing would improvo the 
slippage and tho strength. In report tyiiys-T-rlvotod apoci- 
mons (d/t = 3-l) koA less slippage and groat or strength than 
comparablo spocimens employing A17S-T rivets. Eeport 5 shows 
littlo offect of tho rivet alloy. 

The table shows that, in general, report-6 dimpled spoci- 
mens had tho least slippage for typos I and II, roport-4- for 
typos III and IV; one or tho othor of roports h and 6 showed 
tho grcatost "breaking strongth for the four typos. Reports 
2 and 3 showod tho least slippage for countersunk specimens. 
Tho broaking &trongth of roport-5 dimplod tensile specimens 
was tho greatest. Thus no report showed superiority for all 
types of specimen, 

Tiguro 9 showB, at the lower right, a Joint in which the 
countersunk head extends practically through the oecond sheet. 
This condition is believed to he conducive to slippage where 
the head angle is as great as 115° and to facilitato lapping 
of tho upsob ahank ovor the root of the manufactured hoad. 

Generally the conformance of tho sheets to each other and 
to tho rivet at the dimple is believed to bo good and there 
were few obvious defects, such as clearances, cracks, voids, 
etc., which would explain difforonces in behavior. Angular 
clearance in some machine-countersunk specimens is ovident in 



figure 9 whore manufacturer 1 used a 120° countor8Ink of his 
11^° rivet. Occasional slight clearance of a dimpled ahoet in 
tho machino-countersunk "backing member may "bo seen in soctionod 
Bpocimons for several manufacturers. 

Eadial cracks were found only in specimens X and XI of 
ronort 2 as shown in figuro 12. Ehose occurred in one or the 
othor sheet or "both at 8 percent of the rivot ho los in spocimon 
X mid 62 porcont of the holen in qpooinon XI. Hoot of the 
cracks woro quite sm-ill hut a fov oxtondod almost to tho rim 
of tho dinplo. No circumferential cracks were found. 

National Bureau of Standards, 
Washington, D. C, January l6, 1942. 
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SBQJ0ENC3B OF EffiPQRT NUMBERS TFQB. DEOEffiASIUQ- STRESS 
CORRESPONDING TO A GIVEN SLIPPAGE 

Slippago = O.Old 
Dimpled 

Sequenc 0 
Countersunk* 

Soquonco 

Typo 1 

2 

2 

•5 
8 

if 

3 

3 

4 

3 

•5 

5            1 2 3 
I 

II 
III 
17 

3 
4                2 

J£           3 

2 1 
3 l 
3  ** 
2  ** 

Slippage = .05d 

I 
II 

III 
17 

6 
6 

U 

2 
2 
2 
2 

3— 
3 

if 

6 
5 

3            3 
3            2 
5 2 
6 3 

Slippage = .10d 

2 1 
•5 3 
3 ** 
2  ** 

I 
II 

III 
17 

6 
6 

4- 
If 
5 
6 
•5 

Sequence for decreasing shearing strength. 

I 
II 
III 
17 

6 
6 

2 
5 

•5 

if 
2 

5 
6 

2 
2 

3             1 
3               2 
3             2_ 
3               2_ 

2  3 
1 3 

_.i   ** 
-JL ** 

Sequence ) for doereasing tensile strength 

7 
71 •5 

(5 
O 

3 
3 

2 
2 

# 3 
* 3 

2 
2 

•A17S-T rivots. 

••Manufacturer 1 did not submit types III,  17, 7, and 71. 

-The points woro too scattered to determine the sequence . 

•fManufacturer U submitted tensile specimens "but thoir rango of 
d/t    does not permit a good comparison with other specimens. 
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Figure 1 

Shearing epeolmene I, II, III, and IV, left; tenaile epeolaena 
V and VI, abort. 
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Figure 2 

Left, measuring the slippage of a shearing 
specimen by means of a Brinell microscope. 

Above, tensile specimen and fixture. ro 



40    „ 60 8Ö        W       /2Ö        I40 
Bearing   Strass - kips/m.1 

40' SO ,       90 100,       HO m    140 
Bearing stress - kips/Zn.*- 

figure 3.- Shearing result« for typ« I «peoiMn«. 
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Bearing stress - ktps/fn.* ISO 

figure 3.- Oontlnuad. 
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Figure 3.- Concluded. 
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Figure   4.   -   Shearing    results   for   type   n specimens. 
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Figure 6.- Shearlas; results for typ» III «peelasoa. 
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Figur« 6.- Oontlnued. 
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Figure 6.- Shearing results for type IT specimens. 
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Figure 6.- Oentlautd. 
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NACA Fig. 9 

Figure'9. Cross section of specimens from reports 1 and 5. 

The specimen at the lower right consists of a i-in. 24ST rivet in 
0.064-in. sheets. A shearing load of 400 lb 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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Figure 12. Radial cracks at dimples of specimens from report 2. 

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 13. Cross  section of specimens 
from report 3» 
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Figure 14. Cross section of specimens from report 4. 



Figure 15. Cross section of 
specimens from report 6. 
Construction A on right as 
distinguished from construc- 
tion B was used for all 
dimpled type-IV specimens. 
Dimples from specimen XI are 
shown above. .0^0 

In. 

3/16 

3/16 

3/32 

3/16 

3/16 

3/16 

3/16 

3/32 

3/32 

3/32 

> 
> 

»•* 

H 
VJ1 



Brueggeman. Ü. 

AUTHOR(S) 

R-7-S-1S 
DIVISION:   Stress Anslyeie and Structuree (7) 
SECTION!    Structural Dasign and Details  (3) 
CROSS REFERENCES: Joints, Riveted (5U.0O); Strength 

of materials (90750) 

AflO- S360 
ORIG. AGENCY NUMBER 

RB-a-79 

A.MB. TITLE: Uechanlcal properties of flueh-riveted Joints submitted by five airplane 
manufacture ra 

FORGX. TITLE: 

ORIGINATING AGENCYi Netional Advisory Committee for Aeroneutics, Washington, D. C. 
TRANSLATION:    

COUNTRY 
U.S. • 

LANGUAGE  FORG'NrUSS    U. S.CLASS. 
Eng. Chcless • 

DATE      PAGES 
Feb'tel    36 

IUUS 
17 £iü LOtOw 

FCAIMCS 
,  table, djagre 

ÜB317QACT 
Strength, occurrence of defects, and effect of angle of rivet head were determined. 

Specimene represent combinations of etructurel members frequently Joined by flush rivete 
and were designed to efford comparison between different types of rivets and riveting 
processes. Load-slippage enrvea were plotted for all shearing specimens» Countersunk- 
head rivet extending practically through second sheet is believed helpful to slippage 
nhere head angle is 115°. Tensile strength was computed by dividing breaking load by 
nominal cross-sectional area of rivet. 

XDTEl    Requests for copies of this report must be addressed tot    N.A.C.A., 
 Washington, P. C. 

T-Z KQ.. AIR MATERIEL COMMAND AlR TECHNICAL DNOEX WRIGHT FIELD. OHIO. USAAf 


