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SUMMARY . 

Static single shear tests were ma.de of 3/16-inch-diameter 2&7-T& 
(Al7S-T4) aluminum-alloy rivets at elevated % eratures. The maxbum 
test temperature employed was 800° F, and the time at tewerature prior 
to testing ranged from l/2 hour to 720 hours. 

INTROIXJCTION 

-, 

Extensive work has been done at the AluminumResearch Laboratories 
on the effect of elevated temperatures on the tensile properties of 
aluminum-alloy products. None of this work has included rivets, however. 
A number of Fnquiries have been received concern- this subject, and a 
modest investigation was therefore undertaken to determine the effects 

* of elevated temperatures on the shesr strength of Ur7-T4 (Al7S-14) rivets. 

This work has been made available to the Nationsl Advisory Committee 
for Aeronautics for publication because of its general interest. 

The material used in this investigation was some O.@l-inch-thick, 
2024-~4 (24%T4) sheet, joined by 3/16-inch-diameter 2117-T3 (Al7S-T3) 
button-head rivets. --.---- -- _-. .- 

SPEC!m 
. 

b The tests were made of static single shesr specimens of the type 
shown in figure 1 wherein 202444 sheet, O.Ogl tich thick, was joined 
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by 3/16-inch-diameter rivets. Only one 2U7-T3 rivet was driven in each 
specimen before the heating was completed, since the fully assembled 
specimens were too long for the heating ovens. Prior to testing, each 
specimen was completed by placing a 3/16-inch-diaaneter steel bolt in the 
remaining rivet hole. 

The 2ll7-T3 rivets were squeeze,,drlven by means of a subpress in a 
4O,OOO-pound-capacity Amsler universal testing machi.ne.l A load of about 
3,700 pounds was required to form flat heads epproately 17/64 inch In 
dFameter (1.4D). 

. PBOCEDUBE 

The following tabulation indicates the number of tests made for ' 
each heating condftion: 

212 

to400 . 

5z 
800 

I Time at temp., hr I l/2 
r 
z 
2 
2 
2 
2 

24 144 

2 
2 
2 
2 

720 

1 

I 
1 
1 
1 

L 

The specimens 'to be heated for only l/2 hour were heated In the 
furnace of the testing machine. Heating for longer periods was done in 
other furnaces, after which the specFmens were cooled in still air to 
room temperature; later they were reheated to their former temperature 
in the furnace of the testing machine and tested after temperature CM- 
ditions had become stable (about l/2 hour). 

J 

The tests were made in a 30,000-pound-capacity Baldwin-Southwark 
testing machine equipped with a Marshall furnace for holding the speci- 
men at the required temperature duririg testing. The Baldwin-Southwark 
testing machine equipped with the furnace for making tests et elevated 
temperatures is shown in figure 2. 

Inasmuch es grips for flat, specimens-are too large to fit inside 
the furnace of the testing machine, it was necessary to use long enough 
specimens that they extended beyond the ends of the furnace. These ends' *- 

%!y-pe XIZBI~A, serial nu@er 4318. 
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were then gripped with Tem@in-type self-equalizer grips. A thermocouple 
attached to the specimen beside the 2U746 rivet was used to maintain 

- the proper temperature in the testing area. 

In all tests the load was Increased gradually until failure occurred, 
the movement of the head of the testing machine being about 0.1 inch per 
minute. All failures were by shearing of the rivets. Shear strengths 
were determined by dividing the ultBate load by the rivet shear area 
based on the hole diameter. 

DISCUSSIONOF TEZTRESDITS 

Results of the individual static shear tests and the average results 
where duplicate tests were made are presented in table I. These results 
are also plotted in figure 3.. In this plottfng, only the averages are 
shown where duplicate tests were made. 

The average of the two tests made at room temperature was 33,200-psi 
shear strength for these 2U.7-T4 rivets. ibis value is 6.7 percent above 
the average shear strength of 33,000 psi given for these rivets (ref. 1). 

ExamWatlon of the test results of table I and of the curves in 
figure 3 shows that a reduction in shear strength consistently occurred 
with each rise in temperature. The loss in shear strength of the 2U7-T4 
rivets heated l/2 hour at the various temperatures mnges -13 percent 
for those tested at 2l2' F to 93 percent for the.speefmens tested at 800’ F. 
However, 63 percent of the original shear strength is retained at tie F 
if the heating period does not exceed l/2 hour and 42 percent is still 
retained at this temperature after 720 hours of heating. 

The test results at 2X0 F ihdicate that 720 hours at this temper- 
ature is not enough to induce artificial aging. The curves of figure 3 
show that the artificial aging results in increases in shear strength. 
This can be expected for 2ll7-'114 and at 300° F reaches its peak after 
about 50 hours at this temperature, after which overaging reduces the 
shear strength. The reduction is such that after about 500 hotis at 
300' F the shear strength is about equal to that after l/2 hour at this 
temperature. A decrease in shear strength occurred for each fncrease in 
heating tFme from l/2 hour to 720 hours for the rivets tested at temper- 
atures of 400' F and above. 

The test results as shown in the curves of figure- 3 have been 
replotted in figure 4 against temperature for each of the time periods 
used for the tests. This plotting clearly shows the effects of artifi- 
cial aging. l 



4 NACA RM 55130 

The curves of figure 4 have been replotted in figure 5 to show shear 1 
strength at the various temperatures in percent of the shear strength at 
room temperature. Since this plotting is in terms of percent values, it 
is direktly applicable to 

l 
minimum properties in design. In plotting these 

curves, those portions of the curves falling above the l/2-hour curve have 
been omitted inasmuch as they are of little or no importance in design. 

In a previous investigation, the effects of elevated temperatures on 
the tensile properties of 2KL7-T4 were determined. The tensile strengths 
expressed in percentages of room-tem$erature sZre@th, as determined in 
that investigation, are shown in table II together with similar values 
for shear strengths taken from the curves of figure 3. The percentage 
values for tensile strength and shear strength sgree closely except for 
periods of 100 and 1,000 hours at &X0 F. Since the shear data are based 
on only one lot of-material and the ssme is true for the tensile data, 
the two discrepancies mentioned probably do not represent significant 
differences. The results of this investigation substantiate the previous 
reasoning that shear strength is reducedby the same percentages as is 
tensile strength. 

CONCLUSIONS 

The results of static shear tests of 3/16-inch-tiazueter 2117-T4 
aluminum-alloy rivets at room temperature and at elevated temperatures _ -. 
seem to warrant the following conclusions: 

1. The room temperature tests of the 2l.l7-T4 rivets reveal an 
average shear strength of 35,200 psi for this ssmple. This is about 
7 percent higher than the average value obtained elsewhere. -. -:-. .- -. -._ ._... 

2. The shear strength of 2ll7-T4 rivets decreases as the tempera- 
ture increases from room temperature up to 800' F. However, 63 percent 
of the original shear. strength is retained at 400° F if the heating 
period does,not exceed l/2 hour and 42 percent is still retained at this 
temperature after 720 hours-of heating. 

3. The length of heating time at 2X0 F has no effect on the shear 
' strength through 720 hours. At 300' F, the shear strength after about 

500 hours is also approximately the same as that after l/2-hour heating. 
For intermediate periods at 3CO" F, -artificial aging results in somewhat 
increased shear strength. The results indicate that heating for periods 
longer than 720 hours at this temperature would result in lower shear 
strengths. 

. 
4. A decrease in shear s$rength occurred for each increase in 

heating time from l/2 hour to 720 hours for the rivets tested at temper- 
atures of 400° F and.above. 
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5. The previous assumption that the percentage decrease in shear 
strength at elevated temperatures is similsz to that for tensile strength 
under the same heating conditions is substantiated. 

Aluminum Research Laboratories, - 
Aluminum Company of America, 

New Kensington, Pa., March 21, 1955. 

1. Anon.: Riveting Alcoa ALmimm. AlLlminLm co. of Am. (PittEbLlrgh), 
1953 l 
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TABIE I 

RESULTS OF STATIC SZIE2!R TESTS ON 3/16-mCII-DIAMETER .z!u7-!e4FtrvErs 

ATELEVATEiDBS 

LYme at Ultimate Shear Average shear Time at Ultimate Shear Average shear 
;emp*, 1-G &mgth,a drength, temp.3 1-a etren&h,a strength, 

hr UJ hr Psi hr lb hr PSI 

Rocsn temperdxre rnOP 

--- 1,015 1,044 ;;%z I 35,200 l/2 l/2 :g 
16,200 

-mm > 15,ooo 3 15,~ 
2120F 6 354 12,100 12, loo 

24 10,300 l/2 as5 24 2g 9,800 3 10,000 
l/2 905 

30,900 3 
31,200 31,ooo 

:2 869 911 30,om 1 311,200 3%- ;E P 2: 197 ~:~ 6,700 3 b-3 6,7~ 
720 600°F 

3OOOF 

112 l/2 
l/2 Tz 

26,200 
> 

l/2 zz ::zz 8,700 

26,200 26,200 
3 

6 203 7,m 7,m 

6 813 27,800 27,800 24 156 '24 24 165 z:z I 5,%J 

24 Fg 2E 1 
29,m 

f 8OOOF 

144 144 :g 3g I 28,500 l/2 70 2,400 
748 25bO 25,600 

l/2 66 1 2,300 2,400 
‘120 

k!QOP 

112 l/2 z 23,000 =,=iJ I 22,100 

6 638 z&ecu W-J 

24 
24 

$2 Q3,m 1 
18,800 18,800 

144 491 
144 483 

16,8do I 
16,&m 16,700 

720 424 14,500 14,500 

ashear area based on hole diameter, p? 

. 

c 

F. 

. 
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!lYLEaE II 

TENSILF fLTF&TiG!t’HOFRIV&T STOCKAND SE3AR SJ!RBNG!CE OF'iXtVENRIvETs 

OF 2ll7-T4 AT ELEVATED TEMpERATuReSEKrmFssEDAS 

PliXEXTAGE OFROOM-B VAWES 

[: / Where 12-br values are lower than those for longer times the 1/2&r 
values are shown instead of the higher valueij 

I l/2 br 

'q" !Censile Shear Tensile Shear Tensile 
"p 

Tensile Shear shear. 
strength, strength, strength, streagth, strength, strength, strength, strengbh, 
percent percent percent percent percent percent percent percent 

a2 85 
I 

87 

300 73 76 

400 59 63 

500 4.2 44 

600 I 24 I 25 la 

10 hr I 100 hr I 1,cca hr 

100 

85 

73 

59 

32 

100 100 loo 

87 85 87 

76 73 76 

58 59 48 

34 28 25 

18 13 14 

100 

85 

73 

53 

20 

12 

100 

87 

70 

40 

18 
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Drill. Boles 0.191-h (No. ll. Drill) 

Figure l.- sbgle shear specimen for test- T/16-inch-diameter rivets 
at elevated temperatures. 

* . . l l , 
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P 
Figure 2.- 

L 
with f'urnace for n&Fng h 

Bada-SOuthwark 3O,ooO-pound-capacity testing m-e equipped L-91676 
s eas tests of rivets at elevated -&uper&mes. 



Plgure 3.- S&KC strength of 2ll7-T4 aluminum-alloy rivet8 vwxma he&l 
period for variow temperatures. 

. + 
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Figure 4.- Shear strength of W7-T4 alW-Uoy rivets versufl 
temperature for varlom heating pzciods. 
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Figure 5.- Percentage of shear atrengbh of 2ll7-T!h aluminum-alloy rivets 
at room temperature versus temperature for various heating periods. 
Portions of curves above that for l/2 hour have been omitted. 
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