
I 1 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

TECHNICAL NOTE 

No. 1421 

EFFECT OF VARIA TrON ill DIAMETER AND PITCH OF RIVETS 

ON COMPRESSIVE STRENGTH OF PANELS 

WITH Z -SECTION STIFFENERS 

PANELS OF VARIOUS LENGTHS WITH CLOSE 

STIFFENER SPACING 

By Norris F. Dow and William A. Hickman 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 

Washington 

September 1947 

, n TE I rt~ 

.... t:"p S 1941 

GO'JT. DOC. 

https://ntrs.nasa.gov/search.jsp?R=19930082117 2020-06-17T21:29:55+00:00Z





NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NO'L'E NO. 1)+21 

EFFECT OF VARIATION IN DIAMETER AND PITCH OF RIVETS 

ON COMPRESSIVE STRENGTH OF PANELS 

WITH z-8ECTION STIFFENERS 

PANELS OF VARIOUS LENGTHS WITH CLOSE 

, STIFFENER SPACING 

By Norris F. Dow and William A. Hickman 

SUMMARY 

An experimental j.nvestigation is being conducted to determine 
the effect of varying the rivet diameter and pitch on the compressive 
strength of flat 24s-T alumlnum-alloy panels with longitudinal 
Z-section stiffeners of the type for which design charts are avail
able. So far the investigation has been limited to the region of the 
design charts in which the panels have the closest stiffener spacings 
and the smallest values of width-to-thiclmess r atio for the webs of 
t.he stiffeners. Tests of these panels showed that the effect of 
riveting on the strength of the panels depended on the type of failure. 
The strength of the short panels, which failed by local buckling, 
increased appreciably with either an increase in the diameter of the 
rivets or a decrease in the pitch of the rivets. The strength of the 
panels of intermediate length, which failed by a combination of local 
buckling and column bending, was less affected by changes in riveting. 
The strength of the long panels J 'vhich ,failed by column 'bending., showed 
some tendency to decrease with an increase in the strength of rlveting. 
The decrease 'vas probably caused by the greater ini tiel curvature 
induced in the panel by the greater number or greater size of rivets. 

INTRODUCTION 

The design and analysis of sheet-stiffener panels for aircraft 
structures have been the subject of extensive experimental and 
the oretical investigation, but the determination of the size and 

L_~_ 
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pitch of rivets for attaching sheet to stiffeners is a problem that 
ha s not been adequately solved. In reference 1 charts and procedures 
are presented for the design of Z- s tiffened panels to carry a g:l.ven 
intensity of loading at a given panel length. The test data on which 
these design charts were based,,, however J ' \Vere obtained for an arb i 
trary diameter and pitch of the rivets. An investigation i s therefore 
being conducted i n the Langley structures research laboratory of the 
NACA to determine the effect of a variation 1n the rivet diameter and 
pitch on the strength of; flat ,2!~S-T alumi num-alloy panels with longi
tudinal Z-section stiffeners of the type for vrhj_ch the design charts 
of reference 1 were prepared. 

Results are presented of the necond series of tests for the 
i nvestigation. Some r esults of the- fir st series of tests, reported 
i n reference 2, are combined herein wj,th the r esul ts of the second 
series . Since any numl)er of combinations of r i vet diameter and pitch 
are possible for any panel, the r esults of the t ests made i n these 
first two series can cover only a small region on t he design charts 
of reference 1. The f lrst series of te st s (ref er ence 2) covered the 
region in which the panels have the closest s t iff ener spacings , the 
smallest value of '''idth-to-thiclmess rat i o f or the webe of tUe 
stiffeners, and. such lengths that failur e i s by l ocal buckling . The 
s econd series of t ests , ",ith vrhich the present paper is concerned, 
covers the same regton as the t ests of r eference 2 except for the 
limitatton on the panel lengths. 

SYMBOLS 

L length of sp~cimen, incheR 

p radJus of gyr ation, :inches 

Lip slenderness r at -i o 

W . ....' i dth of specimen, inches 

bS spacing of stiffeners on sheet , i nches 

.... ,idth of attachment flange of stiffeners, inches 

width of web of stiffeners, inches 

vridth of outstanding flange: of 'stiffener s) inches 

thickness of sheet , i nches 

tw thickness of web of stiffeners, inches 

--------'--T J 
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d diameter of rj.vets, inches 

P pitch of rivets, inches 

h depth of countersink for :civets, inches 

(Jcy compress ive yield stress for the mater1al, ksi 

af average compressive stress at failing load for any 
spec imen, ksi 

c coefficient of end fixHy as used in the Euler column formula 

Pi compressive load per inch of panel Width, kips/inch 

5 initial longitudinal curvatu.:ce of panel, :i.nches 

TEST SPECIMENS AND METHOD OF TESTING 

Tho sIlecimens cons isted of 24s-T aluminum-alloy panels having 
longitudinal Z- ·section stiffener s as shown in fj.gures 1 and 2. The 
nominal proportions of the stiffeners on all panels were identical. 
Two thicknesses of sheet Here used to give two ratios of stiffener 

thicknoss to shoet thickness: ~t ::: 1.00 and 0.63. The proportions 
bS ~" bA S bF 
-:r:- ::: 25, -::: 20, -t.-.::: 9.5, and -::: 0.4 were chosen t o give 
v f) t w . vi bW 
the panels fl'om the design charts of reference 1 t:i:1at have the 
closest stj ffener srac.i.ngs and the smallest values of width-to
thickness ratio f or tria webs of the stiffeners. In order to allow 
for the larger rivets used in the lJresent investigatlon, the value 

b 
of ~'. for ' the panels was slightly larger than that used for those 

tw t 
panels of reference 1 ,.hieh had ..J:::'.-::: LOa. Three panel. lengths 

.' ts . 
Here investi.:>ated (;::: 40 1 70 1 and 120). The data of r eference 2 

were used to provide information regardint? the strength of the panels 
L at -::: 20. 
p 

Tests '''ere made to det ermine the material properties of the 
sheet used for the con(3 truct l on of the specimens. The maximum 
with-grain compressive yield stress aCY obtained for the material 
used for t he construction of the specimens was 47.1 ksi. The minimum 
value of 0cy obtained was 41. 4 ksi. The average . value of crcy 
obtained from the r esults of tests o~ stress-strain specimens cut 
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from all the sheets of material used in the construction of the 
panels was 1+3.6 kei. The foregoing values of IJcy represent the 
,·rith-grain properties of the flat-sheet material before forming. 

The rivets used throughout the investigation were A17S-T 
flat-head r ivets (AN}+42AD). Both the size and pitch of the rivets 
were varied fer each rat io of sheet thickness to stiffener thickness 
as is shmm i n table 1. 'l'he mil'1imtlPl rivet pitch used in all cases 
"ms e'lual to three times the r i vet diameter. . On all panels the 
rivets ,.,ere driven by the NACA flush-ri voting process (reference 3) 
in vThieh the r i vet is insert.ed vlith t~e head oppos ite the countersunk 
end of the hole, the shank of the rivet i s clriven into the cavity 
formed by the countersink; and the excess material is removed with 
a milling tool. A countersink angle of 600 was used throughout. 
The depths of the C'oui1tersink used are given in table 1. 

Ultimate compressive loads for the specimens were determined 
in a hydraulic testing machine having an accuracy of one-half of one 
percent . of the l oad . The ends of .the specimens were ground flat and 
par a llel before t esting to insure a uniform distribution of load over 
the panel. 

RESULTS AND DISCUSSION 

Because the present investlgation covers only a ' small region 
on the d.esign charts of reference 1.1 no attempt is made herein to 
present the data by plotting the average stress ·at fail i ng load 

p. 
of against the p~rameter --~j as in reference 1. Instead, in 

L/VC 
order - t o present the results i n a manner, s imi l ar to that of r efer-
ence 2, af i s plotted in fi gure 3 against the r at io of rivet 

d diameter to the sum of the thicknesses of sheet 
Pi af and --, 

and:- stiffener ts + twO 
Numerical values of 

. Life . 
however, are listed in table 1. 

Figure 3 ShOvlS that, for both values of twits investigated, 

the compressive strength of the short panels (~::: 20 or 40) J which 

failed by local buckling, increased ap-prec iably ,-lith ei ther an increase 
in the diameter of the rivets or a decrease in the pjtch of the rivets. 

The strength of the panels of inte~ediate length (~= 70)j which 
failed by a combinat i on of loca l 'buckling and coluroh bending, was less 
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affected by changes in riveting. The strength of the long panels 

(
!!. = 120\, which failed by column bending" was not increased :by an 
P J . ' 

increase in ' t 'he strength of riveting. In fact, the strength of the 
long panel tended to decrease with an ,i~crease in the strength of ' 
riveting . 

The tendency of the strength of the long panels' to decrease at 

large values of d was probably caused by, the relatiyely 
ts + tw 

large values of initial longitudinal curvature of the more strongly 
riveted panels. (See table 1 for values of i nitial panel curvature.) 
As the stiffeners and sheet are riveted together) the rivets, and 
hence the sheet, tend to expand and thus induce curvature in the panel. 
The amount of curvature increases with an increase i n the number of 
rivets and the diameter of the rivets. The more strongly riveted 
panels,accordingly, may be expected to have the greater initial 
curvatures, which may be expected to decrease the colWmn strength of 
the panels. 

CONCLUDING REMARKS 

Re sults are presented of t ests to determine the effect of varying 
rivet diameter and rivet pitch on the compressive strength of 24s~T 
aluminum-alloy panels wHh Z-section stiffeners . The panels were 
selected on the basis of available design charts, and the panel 
proportions were limited to the region of these charts in which the 
panels have the closest stiffener spac i ngs and the smallest values 
of width-to-thickness ratio for the webs of the stiffeners. The 
results showed that the effect of riveting on the strength of panele 
depended on the type of f a ilure . The strength of the short panels 1 

which failed by local buckling, increased appreciably wi th either 
an increase in the diameter of the rivets or a decrease i~ the rivet 
pitch. The strength of the panels of intermediate length, which 
failed by a combination of local buckling and column bending, was 
less affected by changes in riveting. The strength of the long 
panels which failed by column bending showed some tendency to 
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decrease with an increase in the strength of riveting, . probably 
as a result of the greater initial curvature induced in the panel 
by the greater nuuiber or greater size of rivets. 

Langley Memorial Aeronautical Laboratory 
Notional Aavisory Committee for Aeronautics 

Langley Field, Va.) June 19, 1947 
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TABLE 1.- NOMINAL DIMENSIONS OF z-.sI'IFFENED PANELS AND T:EST RESULTS 

SHOWING EFFECTS OF VARYING RIVEI' P ITCH AND RIVEI' DIAMETER 

Diam. of Depth of Pitch of AVer8ge st r ess 
~ rivets, countersink, rivets, 8t failing load, 

d h p af 
L/ve 

(in. ) (in. ) (in. ) 
(ksi ) (ks i ) 

ts = 0.064 in.; bS = 1.60 in.; L = 10.40 in.; W = 8.64 in.; 

!Ii = 1.00; bS = 25 ; bw = 20; !! = 20 
t s t s tw P 

3/16 43. 050 1.233 
3/8 41.450 1.180 
5/8 836.855 1.013 

1/ 16 0.035 15/16 838 .380 1. 093 

1..2. 
16 29.300 .840 

It 26 .'700 . '768 

9/32 44. 800 1.303 
3/8 43.500 1.245 
5/8 838 .0'70 1.069 

3/32 .040 15/16 a40 .035 1.140 
5 

lIb 33·400 .950 

IJ. 
4 

30 .'700 .891 

3/8 44. 600 1. 31'7 
5/8 843.'735 1. 22'7 

1/8 .050 15/ 16 841. '710 1.186 

1.2... 
16 

34.750 .990 

1} 
4 

32 .200 .856 

15/32 45·000 1.318 
5/8 43·R'70 1. 197 

5/32 .060 15/16 40. 500 1.142 

1.2 
16 

36.100 1.032 

1} a33·800 .9'73 
4 

9/16 45.340 1.329 
5/8 44. '700 1.232 

3/16 .065 15/ 16 40. 850 1.160 

1.2. 3'7 .600 L On 
16 

1J. 
4 

833 .800 .968 

3/4 44.485 1.2'72 
15/16 44.485 1.290 

1/4 065 1.2... 
16 

38 .900 1.104 

12. 35 · 350 1.022 
4 

8Average of t wo tests. 

NATICflAL ADV!"·ORY 
COMMITTEE FOR AERONAUTI CS 
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TABLE 1.- NOMINAL DIMENSIONS OF Z-STIFFENED PANEL.S AND TFST RESULTS - Continued 

-1-- -] Diam. of Depth of Pitch of Initial longitudinal Aver age stress Pi riVets, count:rSink, r1:ets, curvature, at fai~ing load, 
d 5 af L/.jC 

(in. ) (in.) (in.) (in. ) ( ks1) (Jr.si) 
._-- ._--- -

ts c 0.064 in. ; bS = 1.60 i n.; L = 20 .80 in. ; W = 8 .64 in; 

tw bS bw L 
- = 1.00; - = 25; - = 20; p = 40 
ts ts tw 

_. . -
3/16 0 .02 40. 910 0. 583 
3/8 .03 39. 'flO . 556 
5/8 .01 38 .180 . 545 

1/10 0 .035 15/16 .03 35 .870 · 511 
1.2. 
16 .02 32 . 7(-{) . 472 

1~ .01 26 .730 · 382 -------- .- -
9132 .06 41. 520 .599 
3/8 .02 40.400 . 574 
')/S .02 39.010 .554 

3/32 .040 15/16 .04 37 .820 . 545 
5 

lib .00 34.570 · 503 

li .01 28.210 .400 
4 

3/8 .03 41.440 ·593 
5/8 .03 40.020 . 568 

1/8 .050 15/16 .02 38. 690 · 550 
12.. 
16 

.01 34. 550 .4$.0 

11 .01 28.950 .420 
4 .- - -

15/32 .03 39.760 . 573 
5/8 .03 a40 . 650 ·579 

5/32 .060 15/16 .02 640·335 . 576 
1.2. 
16 

.01 35 .480 · 511 

11 
4 

.01 29 .920 .429 
- --

9/16 .03 39 .950 . 569 
5/8 .06 a40 .275 . 574 

3/16 .065 15/ 16 .04 639 .365 . 503 
5 lIb .03 36.310 · 522 

11. .01 30 · 550 .4 3 . 4 [-3/ 4 .07 41. 530 .608 
15~16 .04 40 .970 . 584 

1/4 .065 12- .05 37 .040 · 519 16 
13. .04 32.830 .460 

4 
6Aver6ge of t~o tests. 

NATIONAL ADVlS0RY 
CO~!MI'l'TE.'E FOR AERONAU'l'ICS 
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TABLE 1.- NOMINAL DIMENSIONS OF Zr-STIFFENED PANELS AND TEST RESULTS - Continued 

Diam. of Depth of Pitch of Initial longitudinal Average stress 
rivets, counterBink, rivetB, curv8ture, 8t failing load, 

d h p 5 af (in. ) (in. ) (in. ) (In. ) 
(kai) 

ts = 0.064 In.; bS = 1.60 in.; L = 36.40 In.; W = 8 .64 In.; 

~ _ 1.00i bS = 25i bw = 20i b. = 70 
ts ts ~ p 

1/16 0.035 

- - ---

3132 .040 

1/8 .050 

5132 .060 

3/16 .065 

1/4 .065 

____ . __ L--. 

8Average of two teete. 
bAver8ge of three teste. 

3/16 
3/8 
5/8 

15/16 

1.2. 
16 

11 
4 

9/32 
3/8 
5/8 

15/16 
1..L. 
16 

11 
4 

3/8 
15132 
5/8 

1.5/16 
1..L. 
16 

11 
4 

15/32 
5/8 

15/16 
1ft 
J.l 
4 

9/16 
5/8 

15/ 16 

12.. 
16 

12 
4 

3/4 
15/16 
1..L 
16 

11 
4 -

0.04 
.03 
.01 
.03 

.03 

.02 

.06 

.03 

.04 

.02 

.02 

.02 

.05 

.04 

.05 

.04 

.04 

.03 

.il 

.07 

.10 

.08 

.04 

.12 

.08 

.10 

.05 

.06 
-

.14 

.16 

.14 

.07 
-

32·3<;0 
34.220 
33·570 
33. 490 

30•050 

22.870 

32.980 
833·555 

34·320 
36.040 

31..820 

28.070 

834.105 
33.540 

834.405 
834. 600 

32.500 

28.190 

31.100 
33.780 

831. 475 
831.950 

29.010 

30 .7]0 
832.445 
b31. 790 

832.300 

827.750 

827.920 
27.970 

827.755 

27 .950 

NATIONAL ADVISORY 
COMMI'I'l'EE FvR AERONAtrrICS 
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Pi 

L/IC 

(ke1) 

0.2te 
.279 
.269 
.276 

.244 

.183 

.268 

.272 

.278 

.294 

.258 

.225 

.280 

.274 

.278 

.275 

.263 

.231 

.256 

.276 

.257 

.2te 

.236 

.249 

.260 

.260 

.263 

.220 

.224 

.232 

.219 

.227 
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TABLE 1.- NCMINAL DIMENSI ONS OF Z-STIFFENED PANELS AND TEST RESULTS - Continued 

. - '-- --- .-

Diam. of Depth of Pitch of Jnitia1 longitud1na1 Average stress 
r i vets, counters ink, r1vets, curvature , at fai~ing load, 

d h p 0 a
f (in. ) (In. ) (in. ) (In. ) 

(ks1) 

ts = 0 .064 in.; bS = 1.60 In. ; L = 62 . 40 In . ; W = 8. 64 in.; 

:±'. = 1.00; bS bw L 
- = 25; - = 20; - = 120 

t s ts tw p 

3/ 16 0.07 18·320 
3/8 .10 18.930 
5/8 .03 19.570 

1/16 0 ·.035 15/ 16 .02 20.390 

1 5 
'ib .02 18.890 

11 
4 

.01 20 . 870 

9/ 32 .02 19.940 
3/8 .05 a19.460 
5/ 8 .07 20. 310 

3/32 .040 15/ 16 .07 19 .070 

1ft .06 19.895 

11 
~ 

.03 19.970 
-

3/8 .09 18. 960 
5/8 .06 19. 620 

1/8 .050 15/ 16 .03 20.240 

1.2. 
16 

.03 20.600 

11 
~4 

~ -
.05 20· 370 

15/ 32 .23 ll.o64 
5/8 .04 19.430 

5/32 .060 15/ 16 .07 a18 .885 
5 lIb .03 19.670 

1~ .05 19.070 

9/16 .15 16. 310 
5/8 .14 16.670 

3/16 .065 15/16 .14 16. 600 

" , / .03 18 .900 
""16 

13 
4" .02 18 .770 

- - .. -- - - - . - - .--- - .- .---

3/4 · 32 9 .170 
15/ 16 . 24 8 .470 

1;4 .065 1.2.. 
16 

.24 12.110 

11 . 2) 9.540 
~---

4 
aAver age of two test s . 

NATI ONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Pi 

L/IC 

(ksi) 

0.087 
.090 
.092 
.098 

.089 

.100 

.094 

.092 

.098 

.092 

.096 

.096 

.091 

.094 

.097 

.100 

.098 

.054 

.093 

.091 

.095 

.091 

.07.3 

.07') 

.080 

.090 

.091 

.045 

.041 

.057 

.046 

I 

J 
I 

I 
I 

L ______________ . ___________________________ ~ 
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TABLE 1.- NOMINAL DIMENSIONS OF Z-STIFFENED PANELS AND TEST RESULTS - Continued 

Diam. of Depth of Pitch of Average stress Pi rivets, countersink, rivets, at failing load, 
L/.;c d h p crf 

(in. ) (in .. ) (in. ) 
(ksi) (ksi) 

ts = 0.102 in.; bS = 2.55 in.; L z 9.44 in.; W = 13.39 in.; 

tw bS bw L -- : 0.63; -- = 25; -- • 20; - = 20 
ts ts tw P 

3/32 0.050 

1/8 .OW 

5/32 .070 

3/16 .080 

1/4 .090 

aAverage of t~o tests. 
bAverage of three tests. 

9/32 
9/16 
7/8 
1.1.. 

32 
119 

32 
2 

3/8 
9/16 
7/8 
1.1. 

32 
112 

32 
2 

15132 
9/16 
7/8 

II 
32 

112. 
32 

2 

9/16 
7/8 

1L 
32 

112-
32 

2 

3/4 
7/8 

1~ 
32 

112 
32 

2 

42.300 1.412 
39·300 1.288 
38 .170 1.218 

35.400 1.158 

34.500 1.129 

30 .000 .984 

43.800 1.445 
40.400 1.321 
39·700 1.263 

37.800 1.237 

35·500 1.167 

30.240 .984 

a43·590 1.431 
a42·335 1.388 

41.050 1.310 

37.850 1:236 

35·750 1.168 

31.800 1.049 

a45·150 1.451 
b41.150 1.327 

38.800 1.263 

38.150 1.253 

31. 900 1.042 

44.050 1.471 
a43 ·000 1.378 

40.700 1·329 

39.800 1.307 

34 .100 1.120 

NATIONAL ADVISORY 
CO~~TTEE FOR AERONAUTI CS 
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TABLE 1.- NOMINAL DIMENSIONS OF Z-STIFFENED PANELS AND TEST RESUlXS - Conti nued 

Diem. of Depth of Pltch of Initial 10ngi tudinel Average st r ess 
r i vets, countersink, ri 'Tets , curvature, at fail i ng load, 

d h P 5 of 
( i n . ) (in . ) (In. ) (in. ) (ks n 

t s = 0.102 in. ; 'oS = 2 .55 in .; L = 18. 88 i n . ; W = 13.39 i n . ; 

tw 'oS = 25; - = 0 .63 ; 
ts ts 

9/32 
9/16 
7/8 

3/32 0.050 12 
32 

119. 
32 

2 

3/8 
9/16 
7/8 

1/9 .060 1~ 
32 

119. 
32 

2 

15/32 
9/16 
7/8 

5/32 .070 II 
32 

1.!2 
12 

2 

9/16 
7 jf3 

3/16 .080 1l 
32 

119. 
32 

2 

1,/4 
7/P, 

1/4 .O';}O 11.. 
32 

112 
32 

) 

-
_ ______ l _. __ - ____ ---

a~vera~e of t~o tests. 

'ow L - = 20; - = 40 tw p 

0 .02 
.02 
.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.03 

.02 

.02 

.02 

.01 

.01 

.04 

.02 

.05 

.03 

.03 

.01 

.02 

.04 

.03 

.01 

If2. ~I &' 
40 .460 
36 .67Ci 

35. 340 

33 · 790 

30 .100 

Ill.7eo 
111.680 
IIO . 5ClCi 

~6 . 300 

35 .040 

30 .600 

42. 840 
41. 370 
40. 620 

36 . 7"(0 

36 .100 

31. 780 

43.130 
41. 010 

38 .550 

36 . 520 

32 . 550 

43·210 
42 . 340 

a39 .445 

38 .270 

'33 .810 

NATJ0rllU. ADVISORY 
COMMJ1TEE FOR AERONAlrnC.:; 

Pi 

L/ic 

(ksi) 

0 . 698 
. 661 
· 589 

· 572 

·544 

. 488 

. 093 

. 686 

.655 

· 586 

· 579 

.491 

. 696 

. 659 

.654 

· 5'39 

. ~.a9 

· 506 

· 715 
. 663 

. 0 15 

·59tl 

· 520 

·705 
. 633 

. 055 

.632 

· 5·52 

I 
_________ .J 
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TABLE 1.- NOMINAL DIMENSIONS OF Z-STIFFENED PANELS AND TEST RESULTS - Continued 

Di am." of 
rivets, 

d 
(in. ) 

3/32 

1/8 

5132 

3/16 

1/ 4 

Depth of Pitch of Initial Average stress 
countersink, riveta, longi tudinal at failing load, 

h P curvature, af (in. ) (in. ) a 
(1n. ) (kai) 

ts. 0.102 in.; bS '" 2.55 in.; L ,. 33.04 in.; W ,. 13.39 in.; 

0.050 

.060 

.070 

.080 

.090 

~ = 0. 63; ~ '" 25; ~ = 20; ~ = 70 . 

9/ 32 
9/16 
7/8 
II 

32 
112 
32 

2 

3/8 
9/16 
7/8 

12 
32 

112 
32 

2 

15/ 32 
9/16 
7/ 8 

II 
32 

119 
32 

2 

9/16 
7/8 
l~ 

32 

11.2 
32 

2 

3/4 
7/8 
II 

32 
1!2 

32 
2 

0.05 
.03 
.02 
.02 

.02 

.02 

.02 

.01 

.02 

.02 

.02 

.01 

.03 

.02 

.02 

.03 

.02 

.02 

.03 

.05 

.07 

.03 

.05 

.13 

.06 

.03 

.07 

.07 

34.540 
36.090 
33.060 
33. 640 

31.380 

29. 500 

35. 980 
35· 590 
34.660 

35. 140 

34. 830 

32 .970 

34.480 
37·120 
35 . 340 

36.160 

35 .470 

33 .470 

34.900 
34.960 

34.360 

34. 570 

13 .360 

31.100 
33 .260 

8.37 .130 

34.430 

33 .650 

NATIONAL ADVISORY 
COMMI'l'I'EE FOR AERONAUTICS 

Pi 
--
L/VC 

(kai) 

0·326 
.343 
.315 
·318 

.296 

.274 

. 336 

.334 
·327 

·333 

.330 

·311 

·327 
. 349 
.334 

· 339 

·332 

. 315 

·328 
· 332 
· 326 

· 323 

. 316 

.294 

.313 

·353 

.326 

. 325 

13 



14 NACA TN No. 1421 

TABLE 1.- NOMINAL DIMENSI ONS OF Z-STIFFENED PANELS AND TEST RESULTS - Conc l uded 

D1am . of Depth of Pitch of Initial l ongi tudinal Average stress 
~ rl vets , countersink, r i vets, curvature, a t. fail~ng l oad , 

d h P 5 af 
L/{e 

( i n . ) ( i n . ) (i n . ) ( i n . ) 
(ka1) • ( ka i ) 

ts = 0 .102 In . ; Os = 2·55 1n.; L = 56 . 64 1n. ; W = 13.39 i n. ; 

tw bS bw= 20 ;!::.= 120 . t = 0.63 ; - = 25; 
s t s tw P 

9/32 0 .04 22 . ll0 0 .122 
9/16 .ll 19 .920 .1ll 
7/8 . 14 22 . 710 .125 

3/32 0 .050 1.1-
32 

.05 19 . 920 . lll 

112 .06 20 .200 . 111 
32 

2 .08 21. 570 . 121 
. 

3/8 .08 21. 610 . 119 
9(16 .09 22 . 680 . 125 
7/8 .08 20 .990 . 117 

1/3 .060 l.l . 10 21.060 . 118 
32 

11:2 .03 
32 

19. 580 . 109 

2 .04 20 .870 .ll6 
- " 

15/32 .05 20 .900 . ll5 
9/16 .03 21 .840 . 121 
7/8 .02 20 . 970 . ll6 

5/32 .070 II 
32 

.03 21. 920 .122 

112 .04 1,) .690 .109 
32 

2 .04 22 .040 .123 
--.-- " .. 

<;/ 10 .09 20 . 440 . ll} 
7/3 .08 19.940 . 111 

3/16 .080 l.l .02 20 . 880 . 117 
\2 

11-2 
32 

.05 ~0 . 410 . 114 

2 .07 16 . 845 .104 
--- 1-----~.-. . -----. 

</4 . 21 13 . 400 .075 
-/~ . 17 14 . 340 . o "XI 

-
:" / 4 .0,,0 1":'" .15 18 .0lO .10':' 

~) I 
~-

1:' 1 .15 17 . 650 .0:)9 
32 

I 2. I .O} b .03° .09') .. ------_ . 
NAT} ONAL ~.DVlSORY 

C0 ·l1'~H zE FOrl ;"Z?C,NA1..iT:::..;S 
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NATIONAL ADVISORY 
COMMITTEE FOlI AERONAUTiCS 

Figure 1.- Cross section of test specimens. 
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Figure 2. - Test specimens after failure. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUnCS 
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