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SUMMARY

4L series of tensile-strength and shear-strength tests were made
on age-hardened 17S-T rivets machine-countersunk in 75S-T sheet. The
riveted joints were constructed by the NACA reverce-drlv1ng method
of countersunk riveting; the angle of countersink was 60° and the
depth of countersink was half the rivet diemeter or 1.25 times the

sheet thickness, whichever was less. The resulte of the tests indicated

that such joints can be made satisfactorily wlth regard to both
flushness and strength, if the ratio of buck (the length of rivet
protruding beyond the surface of the countersunk sheet before driving)
to diemeter of the rivet is kept between 0.9 and 1.5. Curves are
presented giving the rivet strength in terms of the single-sheet
thickness for Jjoints in which these limits have been observed.

INTRODUCTTION

The use of 17S-T rivets in the age-hardened condition has
usvually been avoided in the past because such rivets are harder to
drive then ennealed rivets. With the introduction of higher-strength
structural alloys, however, use of stronger rivets has become
desireble for developing the full potential strength of a structure,
and. age~hardened rivets have in some cases been used.

In order to provide date on the strength of age-hardened
17S-T rivete (eometimes decignated 17S-TA rivets) and also to study
the optimum length of rivet for Joining sheets of given thickness by
the NACA reverse-driving method of countersunk riveting, & series
of shear-strength and tensile-strenagth teSuS were mede on 17S-TA rivets
in 75S-T aluminum-glloy sheet.

For compleieness, this report includes full details of test
specimens, test procedure, and data obtained. If, however, the
reader does not wish to concern himself with these detalls, he is
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referred directly to figure 3 which shows the procedure for driving
the rivets, to figure 19 which suumarizes the gignificant results,
end to the Conclusions.

The specimens used in the tensile-strength tests consisted

TEST SPECIMENS

of two shcets of 755-T aluminum alloy of equal nominal thicknesses

assembled with one 17S-TA rivet, as shown in figure 1.

The shear

speciyens consisted of two sheets of 758-T aluminum alloy of cqual
nominel thicknesses assembled into a lap Joint by two 17S-TA rivets
as shown in figure 2.

The NACA flush-riveting procedure (sce fig. 3) was used in
A complete discussion of this
Briefly, the method congists

the preparetion of the specimens.
procedure is given in reference 1.

of inserting a round-heed rivet into the uncountersunk end of the

hole end upsetting the end of the shenk into the countersink.

The

excess material ie milled off with & flush-rivet milling tool similer

to the one shown in figure 20 of reference 1.

present program wore squeezed hydraulicelly.

All rivets in the

The depth of countersink was helf the rivet diameter or 1.25

times the sheet thickness, whichever was less.

The angle of

countersink was 60° and the volues of the verisbles for which tests
Shear ond tensile
specimens were tested for each combination of variables for which
an "x" appears.

were made are glven 1n the following table.

1
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TEST PROCEDUEE

The test procedure for the tensile specimens was the same as
that described in reference 2. The specimens were mounted in the
fixtures which are shown in figure 4. The small rods on each of
the fixtures pass through the holes in one of the sheets of the
speclmen and bear against the other sheet. When load is applied,
the rods push the sheets spart and thus subject the rivet tc tensile
load. These specimens were loaded ab the rate of LOO pounds per
minute until failure, and the meximum load was recorded.

The test procedure for the shear specimens was escentially the
same as that described in reference 3. Loads were applied through
Templin grips. The slip of onc sheet with respect to the other wes
measured at the edges of the sheets opposite the riveted Joint by
means of two optical micremeters, one on each side of the specimen,
as shown in figure 5. The specimens were subjected to alternate
application and release of load; the load, however, was nsver released
below a "zero" value of 50 pounds. The permenent slip that remained
efter each application of lced was recorded, as was also the load
causing fallure.

All tests were conducted in the 100,000 -pound-capacity testing
machine in the Langley structures research laboratory. The loads
“indicated by this machine ars within one-half of one percent of the
true loads. The sensitivity of the optical micrometers used for
reading slip is approximately 0.0002 inch.

Prior to rumming any teat, the epecimen was examined end an
appralsal was wade, baescd on the appearsnce of the countersunk
head, as to whether the rivet had been too long, too short, or
gatistactory for producing & good flvsh surface. :

RESULTS AND DISCUSSION

Results of the tests are given in tables 1 to 3. The
yield load in thése tebles is arbitrerily defined a3 the shear load
‘per rivet required to produce & permenent slip equal to 4 percent
of the rivet dlameter; thic definition of yicld lcad is the same
as thet vsed in reference 1. The thres types of failure indicated
in the tebles are 1llustrated by figures 6 to 8. In order to
show the general tightness characteristics of the rivets, load-glip
curves for all the shear specimens are given in figurss 9 to 11.
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The test results ere also precented graphically in figures 12
to 14, in which loads in shear and in tension are plotted against
the single-sheet thiclmess for each rivet diameter and length.

In order to avoid unnecessary confusion of the test points, only
en average valne of yield loasd is plotted for each sheet thickness.
The curves for meximum load are shcwn as solid lines over the
range for which the appraisal before testing indiceted that the
rivet length was satisfactory.

If a rivet 1g too short, it does not provide enough material to
£i11 the countersunk cavity; if a rivet is too long, it tends to
buckle to one side in driving and leaves an unfilled space on the
opposite side of the countersunk cavity. In either cese the resulting
rivet is not perfectly flush. The requirement of flushness consequently
sets limits on the rangs of shecet thickness over which a given rivet
length should be used. A minimum which these limits may assume 1s
indicated by the extent of the golid lines in figures 12 to 1k.

Thege solid lines for each rivet length are replottsed in figures 15
to 17, which show that the appraisal wade on the basis of flushness
wag evidently sufficient to eliminate eny rivet the strength of which
was sbnormally low in comparison with the main trends of the results.
The sclid lines therefore denote a range within which the rivets

are satisfactory with regard to both flushness and strength. These
ranges are showvn in figure 18 as horizontal lines for each rivet
diemeter and length (where tension and shear gpecimens indicate
different ranges, the smaller range was used). Grip length (double-
gheet thickness) is used for the ebscisca in figure 18 rather then
sheet thickness to facilitate easy celculation of buck (rivet length
minus grip length).

A study of the data indicated that the limits for obtaining
satisfactory rivets corresponded roughly to constent ratios of buck
to diemeter of the rivet. The limiting buck-to-diameter ratios
were found to be approximately 0.9 and 1.5 for all the diameters.
In selecting the limits, it was taken into consideration that the
horizontael lines in figure 18 represgent only minimum ranges that
could probably be extended in several cases if additional test
data were available.

In order to show the shear and tensile strengths that are
achieved with 175-TA rivets in 755-T sheet when the dbuck-to-diameter
retio is within the limits given, a single curve was faired through
cach of the composite curves of figures 15 to 17, and the
single curves are plotted in figure 19. Average curves for the
Jield load in shcer are also shown. Figure 19 indicates that, with
a buck-to-diameter ratio in the given optimum rangec, the shear Joints
were remearkebly tight, es the yield lozd 1s in no case substantially
legs then 90 percent of the failing loed.
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CONCI.USIONS

Tensile -strength end shear-strength tests were made on riveted
Joints constructed by the NACA reverse-driving method of countersunk
riveting with age-hardenei 17S-T rivets (sometimes designated
17S-TA rivets) in 75S-T sheet; the angle of countersink weas 60° and
the dopth of countersink was half the rivet diemeter or 1.25 times
the sheet thickness, whichever was less. The results of the tests
indicated thaet such joints can be made satisfactorily in regard to
both flushness snd strength if the ratio of buck (the length of
rivet protruding beyond the surface of the countersunk sheet before
driving) to diemeter of the rivet ig kept between 0.9 and 1.5.
Curves ere presented giving the rivet strength in terms of' the
single-shect thickness for Joints in which these limits have been
observed.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Lengley Field, Ve., October 18, 19k6
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TEST RESULTS FOR AGE-HARDENED 17S-T RIVETS MACHINE-COUNTERSUNK IN 75S-T SHEET.

TABLE 1

RIVET DIAMETER, 1/8 INCH.

Tension Shear
Sheet Appraisal Type of Max imum Appraisal Type of Yield Maximum
thickness before failure load before failure load load
test per rivet test per rivet per rivet
(in.) (2) (1p) (a) (1v) (1v)
Rivet length, 1/4 in.

0.020 Satisfactory il 160 Satisfactory il 2h0 240
020  |f----- do==-=- i o || ----- do==--=- ik 220 230
020: ¥ li=m e do=----= 1 105 Jliz==a= do--=~~ 1 230 230
G20 b SO SR R | i do--~~- 1 215 215
Agrr o ese do==--~ 1 205 |l === do-=-=-~- L) 380 Loo
SORPE L= a0 et 1l 200 li=ccas docscas 1:2°8 k20 435
032 f]-~--- do---=-- 1 230 |f-—==5 do-==~~ 1,2 375 395
SOBEI lili== = flo===== aL 235
TORORNNN i= ==~ do==--= 50 205 il dozcc=c 3 4& 485
ok fl----- do----- 1,2 05 |l - do----~ 3 435 450
Folo S | e do==--- 1,2 325
SOo10 | === — do==~-- 2 520 e 3 370 L5
051 |}----- do----- e 38 ~==e-do==="= 3 390 470
D5 S o= o do=-==~ 1,2 375 mememdo=-=== 3 o) L
N | RS do=---- 2 (LI | s do=--=c 3 450 555
064 | ----- do-~--- Oy 6100 |l i~==-~ do=c-=- 3 W85 510
SOGIAR | == do----~ 2 590 m=we-do----- 3 460 570

Rivet length, 5/16 in.

0.051 Satisfactory 2 330 Satisfactory 3 565 600
051 || ===~ do===== 2 370 || ===-- do--=~~- 3 505 505
SOBTIN === Go=s=cs 2 S| | dor=c=== 3 465 470
064 |} =---- do====~ 2 620 . || === do===== 3 555 570
.06k semcrdgre=cg 3 515 555
SOSTRNE | o==c do===c= 3 OO SNl Ee=sss Qo===== 3 610 640
.081 =«-e=do=m===- 2 80 | Il ===~ do=c=== 3 k75 590
SOOI do==-=~ 2 850 ec==sdo=c=c= 3 510 560
091 | === e 2 ol s do=c== 3 590 640
SOOI == ==5 do===== 2 860 || ~==-- do===~== 3 580 590
SOOI s i et e | S e do====~ 3 510 550
SIOCRN | === do==-=-~- 2 900 we==-do--=-= 3 615 630
.102 se=ccdo=r-~= 2 950 || ====- do==w-~ 3 51> 600
a02 ] -=--- docssss 3 950 1 Liliessss dosescs 3 650 660

8Failure types identified in figs. 6 to 8.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TEST RESULTS FOR AGE-BARTDENED 17S-T RIVETS MACEINE -COUNTERSUNK IN 75S-T SHEET.
RIVET DIAMETER, 5/32 INCH.

Tension Shear
thSh:t Appraieal Type of Maximum Appraisal |Type of Yield Maximum
ickness before failure load before failure loed load
test per rivet test per rivet | per rivet
(o) (e) (1v) (a) {1b) (1v)
Rivet length, 1/L in.

0.020 satisfactory | 1 180 Satisfactory| 1 270 270
020 || ===-- do===~= Al 95 ~=m=ado=m=== i 290 290
020 || ===-- do===== ol 130 || ===-- do===== 1 310 310
032" fliz===n do==~-== 1 230 | |]i==mes do=rres i 470 48
032 [[==--- do===== 1 225  fl ~e=-= do===== 1,2 455 455
032 |l =m=es dgrr=== 1 1 | do=~=== 1.2 470 470
LR | € don=e=r 1 355 2 735 765
R TR | CLLEL dg===== 1 350 2 680 700
oL T TR | (CEti do===== it koo 2 T40 770
051 ff==--- do===== 1,8 o || =emre do===-= 3 705 €00
051 [f=eee- do====- 1,2 LT I | R LECl do=~==~ 3 7L0 790
051  |lomees doe-r== 18 519 | || meeee do=->==- 3 810 85
06k [le===x do===== 2 665" Nl=r== do===-~ 3 780 805
064 I =~=-- do===== 1,2 645 || ===n- do===== 3 68 770
064 =am=edoe=a=e 1.2 5 am=eadom==-e 3 910 920
ol I | EEERS do===-~ 2 750 N
02 e do==~=~ 2 1550 Short 3 T20 80
.102 Short 2 1190 =do== 3 TO0 80
102 -do=~ 2 1085 -do== 3 Tho 830
.102 -do== 2 185

Rivet length, 5/16 in.

et

0.020 Long % 200 Satlsfactory 18 2ko 2o
.020 Setisfactory 1 15 e do>==== 1 260 260
.020 Long 1 77 S | £l do===== ) 250 250
032 Satisfactory L2 265 1 390 koo
032  [--=--do----- 1 240 ) 3% 400
032 ff----- do====~ 1 205 1 355 k1o
051  [|==-me do-=--= 1 400 3 735 630
051 sesandg=sese 2 420 =====d0===== 3 (5] 8io
051 | me--- do===== 1 480 =e===do=-=== 3 The 800
.06k 2 & = dQ=-nte 8 960 1000
.06k 2 I | dqren=v 3 [ &0
.06k 1,2 T | (L dQnnees 3 30 900
064 1,2 720
081 fl=m--- do===== 2 985 3 780 810
.081 —==msdo==== 18 1110 3 830 80
081 |l=mm-- d0====~ 1,2 1015 3 s &0
-091 --==edo====" 2 1% |} e=ee- do===~= 3 880 205
091 ||-=mem do===-~ 2 1205 || ----- do-==+= 3 &eo 5
.091 B el B 1270 - do===== 3 ™ 850
125 Short 2 1375 Short 3 78 870
125 ~do=- 2 1120 -do== 3 630 50
125 -do-- 2 1325 ~do-~ 3 670 Eéo

a
Failure types identified in figs. 6 to 8.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TEST RESULTS. RIVET DIAMETER, 5/32 INCE.- Continued.

TABLE 2- Continued.

Tension Shear
Sheet Appraisal Type of Maximum Appraisal |Type of Yield Maximum
thickness vefore failure load before failure load load
test per rivet test per rivet per rivet
(in.) (=) (1) (2) (1) (1v)
Rivet length, 3/8 in.
0.020 Satisfactory ik 100 Long 1 28 28
.020 Long L 120 -do~ il 215 220
.020 Satisfactory 1 100 ~do~ 1 230 230 |
.020 -do= 1 225 225 |
.032 442 210 satisfactory| 1 48 500 |
-032 1 215 Long 1 3% Lo
.032 1 210 -do- i 25 390 |
051 [ =---- dom=m== 1,2 520 satisfactory| 3 780 80 |
SOSL === = G0 ===~ 1,2 525 -----do----:] 3 780 850 |
051 |l e=-=- do=-==~~- 152 1485 m===cdo-=-== 3 7% 85
064 |} -=--- do===== 2 &0 ====-do==== 3 T70 840 |
.06k w=m==do-==== 2 700 ~===-do====- 3 735 85 l
064 me===do===== 2 750 ====~do=~=-- 3 730 850 |
.081 vee=-do===== 2 1070 ===cndp====n 3 730 905 \
L0818 Wl Raaacny do===== 2 1040 ====-do====- 3 &5 815
081 |} -~-=- do===== 2 1085 Com e |- B 8% 930 |
.102 2 1545 R pa— 920 950 \
.102 3 1500 ====edpo====4 3 &5 900
.102 2 1450 --==-dg-===4 3 80 94o |
.102 s===ozeesd S5 870 930 |
.12% Short 2 1535 mmmmmdo=—--{ 3 85 890 \
.125 =~do~- 2 1450 Short 3 865 895
.125 satisfactory 2 1305 --do- 3 815 8&% \
156 Short 2 1050 -=do= 3 T20 845 |
156 -~do= 2 915 --do- 3 750 850
156 --do- 2 1020 --do- 3 750 850 |
.156 --do- 3 35 80 |
Rivet length, 7/16 in. |
|
0.0%0 Long 1 360 Long 1 320 530 |
040 ~do~- 1 540 ~do- 1 195 475
.0ko ~do= 1 415 ~do- il 330 530 |
.06k ~do~- 1 48 -do- 3 700 915 |
.06 -G~ 1 650 -do= 3 600 850
064 -do- 1 470 ~do- 3 78 8% \
.081 Satisfactory 1,2 1115 ~do- 3 ThO 8u5 \
.081 Long 1 620 ~do= 3 715 900,
.081 ~do= 1 15 -do= 3 680 8L ‘
.091 Satisfactory 2 1405 satisfactory 3 80 890 ‘
091 || =---- do===== 2 1225 =-===d0=-==-1 3 780 8%
S001 R er=cx do=~==~ 2 1125 R it 3 T20 80 |
02 || ==--- do====~ 2 1600 =====do====1 3 810 80 |
.102 =em==]Q=mu= Tig) 1570 =e=-=@o=-=-4 3 5 900
02 ] =~==- do====~ 2 1440 -===~do==v=4 3 35 925
125 3 1460 m====dg====4 3 90 920
.125 3 1570 —e==do====1 3 860 930
125 ~e=esfo=m=== 2 1480 —mm=-do=-==4 3 810
.156 Short 3 1510 short 3 925 960
156 satisfactory 3 1450 -~do= 3 900 970
.156 Short 3 1510 -=do- 3 915 970

®Failure types identified in figs. 6 to 8.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUY1CS
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TABLE 2~ Concluded.
TEST RESULTS. RIVET DIAMETER, 5/32 INCH.- Concluded.
Tension Shear
Sheet Appraisal Type of Maximum Appraisal Type of Yield Maximum
thickness|| “yerore failure load before failure load load
test per rivet test per rivet | per rivet
(in.) (a) (1p) (a) (1p) (1b)
Rivet length, 1/2 in.

0.020 Long 1 90 Long 1 145 200
.020 -do~ 1 & -do- it 155 180
.020 -do= 1 6} ~-do= 1 105 145
.032 ~do~ i 140 -do- 1 38 440
.032 ~do~ 1 155 -do- 1 240 350
.03 ~do~ 1 155 -do= ) 250 350
.051 “do~ 1 295 -do= 1,3 230 58
051 ~do~ il 100 -do- 3 28 650
.051 ~do~ ) 260 -do= 3 300 600
064 ~do~ aL = 325 -do~= 3 270 720
06k ~do~ 1 koo -do= 3 28 750
064 ~do~ 3 610 -do~ 3 265 T20
081 ~do~- 3 710 ~do=~ 3 T80 935
081 ~do~ i 950 ~do=~ 3 675 870
.081 ~do~- 3 1170 ~do~ 3 540 750
.001 Satisfactory 2 1010 ~do~ 3 6k0 810
.091 Long 3 690 Satisfactory 3 630 750
091 -do=- 3 880 [ ===== do~==== 3 740 815
.102 -do- 1 8715 Long 3 815 890
.102 -do- 3 1390 Satisfactory 3 Ego 870
.102 -do- 1 1260 || =~-=e do=-=-~ 3 0 905
125 Satisfactory 2 1510 || =~-=- do===~-~ 3 810 875
Ja25 [ =---- do===--= 2 k90 || =m-ee do====~ 3 910 950
<125 Nl an=—= do-—-== 2 1365 ) =a==s do==~-== 3 850 905
a1 il aeeny dove=cs 3 1988 i | ==es o 3 975 995
156 | ===~ do=nn== 3 s || P i do-r=-= 3 950 960
56 || 2===- do=--~-~ 3 1385 || =---- do===== 3 98 1000

®Failure types identified in figs. 6 to 8.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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\ TABLE 3

[ TEST RESULTS FOR AGE-HARDENED 17S-T RIVETS MACHINE-COUNTERSUNK IN 75S-T SHEET.

‘ RIVET DIAMETER, 3/16 INCH.

: Tension Shear

| Shest Appraisal Type of Mex imum Appraisal Type of Yield Maximum

thickness before failure load before failure load load

\ test per rivet test per rivet per rivet

| (1n.) (a) (1p) (a) (1b) (1)

| Rivet length, 1/4 in.

|

\‘ 0.020 Satisfactory It 90 Satisfactory 1 270 270

\ COORNI [N o= ==s do==-=- 1 1gg =-=-=do-~==~ 1 270 270

\ 20208 Ml eoa- do=-~~~ 1 1 e=--rdg=r==- il 270 270

| .032 ~====4o===== 1! 280  }| ----- dg====~ 12 585 585

| .032 --===do===-~ 1 2 || -=--- do====~ it 550 550

| .032 ====-do===-= i 235 —-=-=do=-==~ 152 550 550

| 051 || ----- do=-==-~ 152 500 c====do====~ 140 980 98

| .051 -====do====~ 1 530 . i 1,2 1000 1025

| .051 m====do===== 1 500 --===do-===~ i2 910 955

\ 'ogl ?hox:t‘ 1 790 Short 1,3 475 1020
.081 do il 285 o

‘ 081 -do=-~ 1 8 3 1070 1200

| .081 -do-- 1 Zeo og= 3 1050 0

| .102 -do-- 2 870 -do-~ 3 710 1070

. .102 -do-- 2 310 -do-~- 2,3 Lo 1050

i .102 -do=-~- 2 760 -do-~ 3 830 1090

| .102 -do=-- 3 780 1065

; 7 Rivet length, 5/16 in.

‘ 0.020 Satisfactory 1k 0 Satisfactory 1l 270 270

| 020 || =-=-- do-==-- 1 165 ---==do====- 1 2ks5 250

| 020 || =---- do=---- 1 160 ---=-do--==- 1 300 300

‘ OSPNER e~ do=c=c= al P50 S == 0= -=== 1 5L0 540

| Sl o ab=cs= iL 215 N == doz=ces 1 360 390

| 032 || ===~ do-==-=- 1 225 -==-=do-===- 1 500 500

| 040 || ===~ do====~ 1 320 || ----- do==-== i 690 720

| NolTo B | IEEEEE do--=-- 1 300 --=--do=====- il 730 7L0

‘ 0ko | ==-=- goz=cz- 1 300 ~====do~===~ ik 7% 805
R TOR | EEEES do====~ 1 390

‘ L0510 s =c do====~ 152 700 =-===dg-=~-= ! 900 980

| 051 || ===-- do=n==- i o | ----- do----=- 1,2 910 950

| OB s === do=-=== 2.2 hgg -===-do-~--- 3l 935 1010
051 || -=--- do---=~- 1,2 5

|

| Kol 'S | EEEES do=-===~ 10 70 |} ----- do====-= 3 1110 1160
064 || ----- do=---- 00 s do==~=-= 3 960 1060

| 106l e ==r do==-r- 1,2 80 ~=--=do-=-=~- 3 1170 1170

ooy aFailure types identified in figs. 6 to 8.
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TABILE 3 - Concluded

TEST RESULTS. RIVET DIAMPIER, 3/16 INCE.- Concluded,

Tension Sheer
Sheet. Appraisel Type of Maximum Appraisal Type of Yield Maximum
thickness before failure load before failure load loed
test per rivet test per rivet per rivet
(in.) (a) (1p) (a) (1p) (1b)
Rivet length, 3/8 in.

0.020 Long % 8 Long 1 305 305
.020 -do- 1 200 -do- 1 360 360
.020 Satisfactory 1 145 =~do- 1 345 345
.020 Long iy 80
.032 Satisfactory 3 260 Satisfactory il 580 580
.032 1.2 250 p=asrdor=r== 1 530 530
032 1 390 tr=rdgenrsy 1 570 570
.0k0 1 348 ~=e==do=====~ 1 78 790
.0ko 1,8 kos me==-do-===- 1 55 760
040 il 375 sesrfiosress 1 750 760
.051 2 550 || ~==-~ do===== 1,8 955 1030
051 2 520 ~ee==do===== 1 1015 1045
.051 2 ko || =~--=do-=--- 1,2 9k5 1030
064 2 85 mee=ndo-n=-- 3 1075 1140
064 1,8 915 ~m=-edo=mee- 3 1100 18
.06k 12 oL5 ~===~do===== 3 1035 1145
081 2 1070 ~===~do==~-== 3 1260 1345
.081 18 1220 ~===ndo=n=== 3 1115 1140
.081 18 1175 ~e==~do===== 3 1125 1250
.102 2 1750 ~===sdg-==== 3 1000 1115
.102 2 1895 || ~-=-~ do===--- 3 1220 1300
.102 2 1495 ~e==~do==~=== 3 118 1275

156 Short 2 1é5 Short 3 1090 1275

156 --do- 2 1740 -~do- 3 1245 1250

156 --do- 2 1805 -~do- 3 1160 12ko
Rivet length, 7/16 in.

0.020 Long 3 65 Long i 300 300
.020 -do- 1 125 ~do- 1 300 300
.020 -do- 1 15 ~do- 1 310 310
032 -do- 1 95 ~do= 1 615 625
.032 -do- 1 115 ~do- 1 585 610
.032 -do- 1 290 ~do- 1 700 700
064 Satisfactory 2 835 Satisfactory 1,2 1100 1200
064 Long Y 1175 w==-sdo=~=-- 2.3 990 1100
064 Satisfactory 2 790 3 1060 1200
064 3 1060 1245
.06k 3 1350 1405
.081 2 1150 3 1100 1150
.081 2 1110 3 1000 1240

081 2 1100 3 1100 1250
.091 2 1550 3 1070 1240
.001 1,2 1370 3 1100 1190
.091 2 1%00 3 1060 1155
.102 2 1400 3 1190 1280
.102 2 1500 3 Jl%;g 1200
.102 2 1575 3 1190
.102 3 118 1240
125 3 218 3 1130 1230
.125 £ 2185 3 18 18
125 3 2085 3 1220 1225
.125 2 1610
.125 2 19ko
.125 2 2195
.156 2 1955 Short 3 1040 1200
.156 2 188 --do- 3 1200 1345
.156 2 1085 --do- 3 1150 1250
.156 --do- 3 1130 1250
.156 -=do= 3 1120 1250

“Failure types identified in figs. 6 to 8.

NATIONAT, ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure I. - Tensile specimen.
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Fig. 2
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Figure 2. - Shear specimen.
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Fig. 4 NACA TN No. 1205
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Figure 4. - Fixtures and specimen for lensile
tesfts.
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Figure 5.- Method of measuring slip in shear
tests.



Fig.6

Figure 6.-

Type 1 failure;

NACA TN No. 1205

countersunk head pulls through sheet.
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LANGLEY MEMORIAL ABRONAUTICAL LABORATORY - LANGLEY FIELD, VA.
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Figure 7.- Type 2 failure; countersunk head shears off.

NATIONAL ADVISORY COMMITTEE FOR AERRONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LAYGLEY FIELD, VA.

Fig., 7



Fig. 8

Figure 8.- Type 3 failure,

NACA TN No. 1205

rivet fails in shank.

NATIONAL ADVISORY CONMITTEER FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD, VA.
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Figure 9.- Load-slp curves for age-hardened /17S-7 rivets mac//?/né—
countersunk in 755-T sheet. Rivet diameter, g inch.
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Figure 10. - Load-slip curves for age-hardened [75-T rivets machine-
countersunk in 75S-T sheet. Rivet diameter, é—/nch.




NACA TN No. 1205

Rivet length, in.

1000

A o 3 4
7 16 ] /6
n.
0.081
.
0] %

Fig. 10 conc.

Sheet
thickness,

oj~

1000,

1000
N
+O 102
! 3
&
)
3
. 000
B
S ?’27—:3 /}/Z
S 22
S 25
Q
b
f/)
ol
/000
o 1 |
00 Permanent slip, in. CINSSTTEE Fe beaORRTICS
. Figure 10.-Concluded.



Fig. 11 NACA TN No. 1205
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Figure 1. - Load-slip curves for age-hardened 175-T rivets machine-
countersunk in 7DS-T sheel. Rivet diameter, /% inch.
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Fig. 12 NACA TN No. 1205
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(a) /?/'véf length, Z//'nc/?.

Figure I2.- Test results for age-hardened [75-T rivets
machine -countersunk in 758-T sheet. Rivet
diameter, g/ inch.
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(a) Rivet length, Z//'nc/?.

Figure I3.= Test results for age-hardened 175-T rivets
machine -countersunk in 758-7 sheet. Rivet
diameter, 3—g—mch.
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(a) River length, ZL nch.

Figure 14.-Test results for age- hardened 17 5-T rivets
machine -countersunk in 758-T sheet. Rivet
diameter, /% inch. '



Fig. 14b NACA TN No. 1205 .

e r=rara e e R L R

|
|
|
|
|
|
} - ] i
R t
‘\ 4o /600
| e " ‘
O : *
L 1200 |
| Gl ] \
‘ Q L - |
‘ B s i |
| S o0 ° ‘
‘ ks - (0] W - |
B - . ; %
.\ - -
\ 5 oo | _ 5
| L 4 |
| It 4 ‘
| s I T JE |y f {190 | [ Ll n gl el |
} :
J ‘
j 2000 T T T T T , |
| i Appraisal before test 1
| SN Ie o Rivet too lon - .
| .. /600 o Rivet satisfactory |
| Q B o Rivet too short ] .
| L - |
; k /200, o 1 {
1 L ﬁ/// e “ “
- / —
- . l
| -0 - - j
‘ q " i |
| S
§ 400 o —t ax. load |
| " i ﬁ/ M “ |
‘ 3 il —=—— Yield Joad - i
| 0_ Tk [ S8 R e |8 ey Melb i I L1 J ] L [ | ’
0 02 04 .06 .08 10 2 14 /6 |
|

Sheot 1 hick NeSS, IN.  uaTiONAL ADVISORY

COMMITTEE FOR AERONAUTICS

(b) Rivet length, /—g-/'ncb. j‘
|

Figure [4.- Continued.



NACA TN No. 1205 Fig. 14c
20001 T |. g > 7 I T T [ e e T
. I o ol
— ~_ o ,,/—"r‘é? 7
- /600 v
i e i
< - 3
1200
i J
Q. ® i i
X - 8 1
Q
8 eoof d
o i
g 400~ ﬁjé( d
- PR % o K
O— At nad (o i [E e R (| Il L
2000111 il T T N T
= Appraisal before test -
. Q9 i o Rivet too lon |
.. 1600 o Rivet satisfactory —
) 9 id o Rivet teo shert . 1
t = & e -5
o S AL IR g -8
K /ZOOP //5’___——-—5‘————.1 I 4]
%\ [ o 1" o
g 800 J
[ = 3
LA e J
9 00 < M gl
3 i ——— Yield baad 2
l-
gk L i AL L ] ) e[ gl L el L O N l JRER )|
0 02 .04 06 .08 10 V2 4 /6

Figure 4. -Continued.

(c) Rivet length,

5/7@9 F. i /7/'(," k NESS, /M.  NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

3@ inch.
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NACA TN No. 1205 Fig. 15

Sheet thickness, in.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 15. - Strength of age-hardened 17S5-T rivets ma-

chine -countersunk in  [55-1 sheet, with lengths

satistactory for flushness. Rivet diameter, 2 inch
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Figure 17.-Strength of age-hardened 17S-T rivets ma-
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Fig. 18
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Grip length, in.

Figure 18 - Limiting combinations of rivet flength

and grip length for age-hardened 175-7
rivets machine-countersunk in 755-7 sheet
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Figure 19.-5 trength of age-hardened [75-T rivets ma-

chine-countersunk in 755-7 sheet, with a ratio

of buck to diameter in the optimum range,
between 08 and 5.






