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EFFECT OF VARIATION IN DIAMEI'ER AND PI'l'CH OF 

RIVEI'S ON COMPRE3SIVE STRENGTH OF PANELS 

WITH Z-SECTION STIFFENERS 

PANELS THAT FAIL BY LOCAL BUCKLING AND HAVE 

VARIOUS VALUE3 OF WIlJfH-TO-THICKNE3S RATIO 

FOR THE WEBS OF THE STIFFENERS 

By Norris F. Dow and William A. Hickman 

SUMMARY 

• 

An experDliental investigation is being conducted to determine the 
effect of varying the rivet diameter and pitch on the compressive strength 
of flat 24s-T aluminum-alloy Z-stiffened panels of the type for which 
design charts are available. The present part of the investigation is 
concerned with panels which have various values of width-to-thickness 
ratio of the webs of the stiffeners and have such length that failure is 
~y local buckling. The results show that for these panels , regardless 
of their stiffener widths, the compressive strengths increased appreciably 
with either an increase in the diameter of the rivets or a decrease in 
the pitch of the rivets. 

INTRODUCTION 

The design and analysis of sheet-stiffener panels for aircraft 
structures have been the subject of extensive experimental and theoretical 
investigations, but the determination of the size and pitch of rivets 
for attaching sheet to stiffener is a problem that has not been adequately 
solved. In reference 1 charts and procedures are presented for the 
design of Z-stiffened panels to carry a given intensity of l oading at 
a given panel length. The test data on wnich these design charts were 
based, however, were obtained for an arbitrary diameter and pitch of the 
rivets. An investigation is therefore being conducted in the Langley 
structures research laboratory of the National Advisory Committee for 
Aeronautics to determine the effect of a variation in the rivet diameter 
and pitch on the strength of 24s-T aluminum-alloy panels with longitudinal 
Z-section stiffeners of the type for which the design charts of 
refer ence 1 were prepared. 
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Four basic variables have been considered in this investigation of 
the effect of riveting on panel strengths: 

(1) The ratio of stiffener thickness to skin thickness twits 

(2) The slenderness ratio Lip 

(3) 'rhe ratio of sti~fener spacing to skin thickness bs/ts 

(4) The ratio of stiffener width to stiffener thickness bw/tw 

The range of values tested for each variable is given in table 1) which 
also includes the references in which the data are presented. 

The results of varying the rati o of stiffener width to stiffener 
thickness bw/tw are given in the present paper. 

SYMBOLS 

L length of specimen) inches 

p radius of gyration) inches 

Lip slenderness ratio 

W width of specimen) inches 

bS sp~cing of stiffeners on sheet ) inches 

b
A 

width of attachment flange of stiffeners) inches 

b
W 

width of web of stiffeners) inches 

b F width of outstanding flange of stiffeners) inches 

ts thickness of sheet) inches 

\i thickness of web of stiffener) inches 

d diameter of rivets ) inches 

p pitch of rivets) inches 

h depth of countersink for rivets) inches 

crCy compressive yield stress for mnterial) ksi 

af average compressive stress at failing load) ksi 

c coefficient of end fixity in Euler column formula 
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compressive load per inch of panel width, kips per inch 

R radius of bend 

TEST SPECIMENS AND METHOD OF TESTING 

For all parts of the investigation.- The specimens consisted 
of 24s-T aluminum-alloy panels having longitudinal Z-section stiffeners 
as shown in figure 1. The stiffeners were riveted to the sheet with 
A17S-T flat-head rivets (AN442AD). In all cases the minimum rivet pitch 
used was equal to three times the rivet diameter. The rivets were driven 
by the NACA flush-riveting process in which the rivet is inserted with 
the head opposite the countersunk end of the hole, the shank of the rivet 
is driven into the cavity formed by the countersink, and the excess 
material is removed with a milling tool. A countersink a.'1gle of 60 0 was 
used. 

Ultimate compressive loads for the specimens were determined in a 
hydraulic testing machine having an accuracy of one-half of 1 percent 
of the load. The ends of the specimens were ground accurately flat and 
parallel in a special grinder, and the method of alinement in the testing 
machine was such as to insure a uniform bearing over the ends of the 
specimens. 

For the present part of the investigation. - Five width-to-thickness 
ratios for the stiffeners, corresponding to values of bw/tw of 20, 25 , 
30 , 40, and 50, were investigated. (See fig . 2.) Two thicknesses of 
sheet were used to give two ratios of stiffener thickness to sheet ~ic~ 

ness (~ = 1.00 and O. 6~. The lengths of the panels were s~ chosen (~ = 20 

that no COllIDm bend ing failures occurred . The proportions ~ = 25, 
b

A 
b

F 
ts 

tw 9·5, and bw = 0.4 were the same for all panels. 

The with-grain compressive yield strength Ocy of the material 

before formln~ ~as found to be ~s follows: 47.2 ksi (max.), 45.2 ksi (av. ) , 
and 44.0 k i i (mln .). 

RESULTS AND DISCUSSION 

The results are ~resented in figure 3 and table 2. In figure 3, af , 
calculated simply as the failing l oad divided by the cross ' sectional 
area of the panel, is plotted against the ratio of the rivet diameter 
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to the sum of the thicknesses of sheet and stiffener d in order 
ts + tw 

to present the results in a manner similar to that used in references 2, 3, 
and 4. Figure 3 shows that for all values of \TIts and bw/~ investi-
gated the compressive strengths increased with either an increase in the 
diameter of the rivets or a decrease in the pitch of the rivets. 

These results differ from those of reference 5 in which the compressive 
strength of Z-stiffened shells was found to change very little with rivet 
spacing when failure occurred by local buckling of the stiffeners. The 
panel tests described in reference 5, however, covered an entirely differ
ent range of proportions from that of the present investigation. In 

reference 5 the proportions covered were such (tw = 2 or 3, bs = 350\ 
ts ts J) 

that the sheet contributed only a small amount to the load-carrying ability 
of the assembly . . Ohanging the rivet pitch over the range investigated 

therein (p = 14 to 50), or even increasing it to considerably larger 
' to + tw 

values of p so that the sheet contributed a negligible load-
ts + ~ 

carrying capacity, would be expected to produce only small changes in 
panel strength. 

CONCLUDING R»1ARKB 

Results are presented of an investigation to determine the effect 
of varying the rivet diameter and pitch on the compressive strength of 
flat 24s-T aluminum-alloy Z-stiffened panels of the type for which design 
charts are available. The present part of the investigation is concerned 
with panels which have various values of width-to-thickness ratio of 
the webs of the stiffeners and have such length that failure is by 
local buckling. The results show that for these panels, regardless of 
their width-to-thickness ratio, the compressive strengths increased 
appreciably with either an increase in the diameter of the rivets or a 
decrease in the pitch of the rivets. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., September 11, 1948 

--- --- -- - ---------------------------------
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TABLE 1. - RANGE OF VALUE3 TESTED FOR EACH 

VARIABLE IN THE INVESTIGATION OF THE 

EF'.F':EDT OF RIVETING ON PANEL STRENGTH 

tw L bS bW Reference - -
ts P ts tw 

0·51 
.63 
·79 20 25 20 2 

1.00 
1.25 

20 
0.63 40 
1.00 70 25 20 3 

120, 

25 
30 

0.63 35 
20 40 20 4 

1.00 50 
60 
75 

20 

0.63 
25 

Pre'sent 20 25 30 
1.00 40 

I 
paper 

50 
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TABLE 2.- NOMINAL DIMENSIONS or Z-STIrrENED PANELS AND TEST RESULTS 

,SHOIHNG EFFECTS or VARYING RIVET PITCH AND RIVET DIAMETER 

Dlam . oC Depth oC Pltch oC Average stress 
rl~et s, oounterslnk , rivets , at fall1ng load, 

d h p eTC 
(In. ) (In. ) ( In. ) 

(kd) 

ts • 0 .064 In. ; bS = 1.60 In.; L • 10.40 In.; W = ~ .64 In. ; bw= 1.211 In .; 

tw _ 
1.00; 

b
S 

_ 

ra- ts -5 

3/16 
3/11 

1/16 0.035 5/11 
15/16 

If;-

It 

3/32 .040 

9/32 
3/11 
5/11 

15/16 

If;-

It 

3/11 
5/11 

1/11 .050 15/16 
Ito-

1~ 

5/32 .060 

15/32 
5/11 

15/16 

1f6 
It 
9/16 

3/16 .065 
5/11 

15/16 
Ito-

1* 
3/4 

15/1& 
1/4 .065 Ifo 

1t 
0, 

aData for ~ : 25 is froc reference 2. 
ts 

bA~erage oC two testa . 

25a ; bY{ = 
tw 

20 

43.050 
b41.450 
36.~55 

b311.3M 
29.300 

26 . 700 

44.1100 
b43 .500 
b311.070 

40.035 
33 .400 

30. 700 

44.600 
~43 . 735 

41. 710 
34.750 

32.200 

45.000 
43.1170 
40.500 

36.100 
b33 . MO 

4a· 34o 
4 .700 
40.1150 
37. 600 

b33.1100 

44 .4115 
44.4115 

38.900 

35 . 350 

Pl 
~ 

lxlli) 

b, = 0.51 

1. 233 
1.1M 
1.013 
1.093 

.1140 

.7611 

1.303 
1.245 
1.069 
1.140 

.950 

.1191 

1.317 
1.227 
1.1116 

.990 

. ~56 

1 .3111 
1 . 1~7 
1.1 2 

1.032 
.973 

1.329 
1. 232 
1.160 
1.077 

.9611 

1. 272 
1.290 

1.104 
1.022 

7 

In . 
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TABLE 2 . - NOMINAL DHtENSIONS OF Z-STIFFENED PANELS AND TEST RESULTS - Continued 

Dlam. of Depth of Pltoh of Average stress Pi 
rlvets. countersink, rivets. at falling load, Lr;;K 

d h p C5"f 11n. ) (In. ) lln. ) 
l}tel) (kal) 

ts • 0.064 ~n. ; bs • 1.60 In.; L E 12.!0 In. ; w: g.64 In.; bw = 1.bO In. ; br : 0.-b4 In.; 

tw _ 
1.00; 

bS bw 
t:- rs a 25; tv z 25 

S 

3/16 113.300 1.051 

1/16 
3/! 41.500 1.010 

0.035 5/! 3!.670 .945 
15/16 37.MO .920 

Itt 32.790 .501 

1~ 26.550 .665 

9/32 43.290 1.054 

3/32 
3/5 42.070 1.031 

.040 5/5 41. 760 1.020 
15/16 39.340 .955 
lie 34 .550 .~44 

1~ 30.200 .751 

3/5 42.720 1.042 

1/5 
5/! 42.640 1.042 

.050 15/16 39.140 .953 
1ft; 35.970 .576 

1~ 31.920 .795 
15/32 43.610 1 . 060 

5/32 
5/! 43.450 1.053 

.060 15/16 40.220 .977 
1ft; 36.420 .M2 
1~ 33.760 52'> 
9/16 41.910 l.Q23 

3/16 
5/5 42.950 1.045 

.065 15/16 40.95~ .996 

1~ 36.510 .!7! 

1~ 33.450 .514 

1/4 
3/4 41.230 1.002 

.065 15/16 40.210 .975 

1~ 37.540 .906 

1~ 33.310 .510 
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TABLE 2 .- NOXINAL DIXENSIONS or Z-STlrFtNtD PANiLS AND TEST RESULTS - Contlnued 

Dlam. of Deptn of Plton of Average 8tress Pl rl"ete, oounter81nk, rlvets , at fa!l1ng load, tIft d h P (Jr 
lln. , lln. , \In. , 

lltel ) lka1) 

ts .0.064 In.; bS .. 1.60 In .; L = 15.66 In .; W = 8.64 In.; bw • 1.92 In . ; br ·O . 77 In. ; 

tw _ 
1.00; Os bW = 30 ts - ts = 25; tw 

3/16 39.790 0.~96 
. 3/a 38.810 ,875 1/16 0.035 5/~ 37 •. 450 .842 

15/16 35 . 390 .791 
Ito 31.830 .710 

1~ 25.360 .568 

9/32 39.040 .MO 
3/8 39 .250 .890 

3/32 .040 'J/8 38.~80 .872 
15/16 37. 70 .841 
Ito 34.640 .777 

1~ 29.290 .658 

3/8 39 .700 .901 
5/8 38.970 .878 1/! .050 15/16 37.990 .849 
1ft 34.940 . 783 

1~ 30.180 .676 

15/32 39.320 .M7 
5/8 39 .190 .M7 

5/32 .060 15/16 37.S50 .s47 
lto 36.730 .S27 
1~ 31.420 .701 

9/16 39.390 .865 
5/S 39.250 .8M 

3/16 .065 15/16 38.020 .854 
1ft 37.110 .838 

1~ 32.3M . 729 

3/4 37.950 .S56 
1/4 .065 15/16 37.530 .843 

1ft 36 .830 .830 
It 33.140 . 746 
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TABLE 2.- NOMINAL DIMENSIONS OF Z-STI"INED PANELS AND TEST RESULTS - Contlnued 

Dlam. or Deptn of Pltoh of Average atreaa Pt rlvete, counterslnk rlvete, at ra.l!.lng loa.d, L/ -vc d h P I1"f (In. ) ltn. ) lln. ) \kat) lkat) 

ts :: 0.064 In.; bs = 1.60 In.; L :: 20.M tn.; W = 5.64 In.; Ow. 2.56 In.; br :: 1.02 In. ; 

tw _ 
1.00; 

bS 25; 
t>w = 40 loS - - ., tw loS 

3/16 30.940 0.609 
3/! 29.930 .5!9 

1/16 0.035 51! 2!L~30 .567 
15/16 - 26.530 .51! 

rf& 25.170 .496 

It 23.640 .477 

9/32 31.040 .635 
3/! 31.110 .623 

3/32 .040 5/! 30.370 .59! 
15/16 25.1M .554 

1~ 26.570 .530 

It 25.060 .502 

3/5 31.900 .636 
5/5 30.4~0 .602 

1/5 .050 15/16 29.0 0 .56! 

1~ 27.100 .543 
1~ 25.'J00 .524 

15/32 31.7M .635 
5/5 31.MO .624 

5/32 .060 15/16 29.7~0 .596 

If6 29.300 .579 

1~ 26.470 .529 

9/16 31.990 ,625 
5/5 31.150 .613 

3/16 .065 15/16 30.770 .607 

1~ 25.540 .565 
It 26. 170 .514-

3/4 31.MO .642 
1/4- .065 15/16 30.490 .595 

1ft; 29.220 .576 
It 27.110 .530 
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TABLE 2.- NOM~NAL DIMENSIONS or Z-ST1 FFENED PAN~LS AND TEST RESULTS - Continued 

Diam. of Depth of Pitoh of Average etre.e Pi 
rlTete, countersink rivets, at fa1~ing load, L/v'C 

d h P rrf 
11n. ) (In. ) l in. I 

I kst) (ksl) 

ts = 0.064 In.; bS ,. 1.60 in.; L = 26.04 in.; 'II' = ~.64 in.; bv = 3.20 in.; br = 1.2~ in. ; 

tw _ 
1.00; bS b"" = 50 ts - ts • 25; tw 

3/16 2Z·660 0.520 
3/~ 2 .1160 .5°4 1/16 0.035 5/g 25.390 .47 

15/16 23,160 .434 
Ito- 22.320 .421 

It 19.510 .36~ 

9/32 27.9SO .536 

3/32 
3/~ 27.560 .525 

.040 5/11 27.130 .510 
15/16 25.190 .472 

Ito- 23.740 .446 

It 21.030 .396 

3/~ 27.720 .521 

' 1/~ 
?/~ 27.4SO .516 

.050 15/16 26.530 .503 

Ir Ito- 25.200 .475 
Ii 21.690 .409 

15/3~ 2~.230 .542 
5/~ 2~.400 .544 

5/32 .060 15/16 27.3M .515 
Ito- 25.7M .4~5 

It 23.000 .435 

9/16 2~. 060 .527 

3/16 
5/~ 2Z· 54O .517 

.065 15/16 2 .~3.0 .502 

Ito- 25.560 I .4~0 

Ii 23.240 .437 

1/4 
3/4 2~.010 .52~ 

.065 15/16 27 . 310 .50~ 

l~ 26.440 .496 

It 24.340 .460 
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TABLE 2 .- NOMINAL DIMENSIONS or Z-STIrFENED PANELS AND TEST RESULTS - Continu8d 

Diam. of D8pth of Pltch of 
rlvets, counter.lnk rlvets, 

d h P 
(In. ) (In. ) (tn. ) 

ts • 0.102 In.; bS a 2.55 In.; L = 9.44 1n.; W 

til' 
0.63; 

bS _ 
ts = ts -

9/32 
9/16 
7/8 

3/32 0.050 ~ 
1~ 
2 

3/8 
9/16 
7/11 

1/~ .060 
152 

III 
32 

2 

15/32 
9/16 
7/5 

5/32 .070 lh 

1~ 
2 

9/16 
7/8 

3/16 .080 lh 

1~ 
2 

3/4 
7/~ 

1/4 .090 lh 

. 1.!2 
32 

2 

25 1s from ref8rence 2. 

bAverage of two tests. 

CAverage of three teste . 

AV8rage stress Pl 
at faillng load, LT-7c 

(jf 
(ksi) (kst) 

= 13.39 In.; bW = 1.2~ 1n.; bF = 0.51 In. 

25a ; 
bW =20 
til' 

42.300 1.412 
39.300 1.2M 
3~.170 1.2111 

35 .. 400 1.1511 

34.500 1.129 
30.000 .9114 

43.~00 1.445 
40.400 1.321 
39.700 1.263 

37. 800 1. 237 

35.500 1.167 
30.240 .9~4 

~43.590 1.431 
42.335 1.3M 
41.050 1.310 

37.850 1.236 

35.750 1.1611 
31.800 1.049 

b45.150 1.451 
041.150 1. 327 

38.800 1.263 

311.150 1.253 
31.900 1.042 

b44.050 1.471 
43.000 1. 3711 

40.700 1.329 

39.800 1.307 
34 .100 1.120 
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TABLE 2.- NOMINAL DIMENSIONS OF Z-STIFFENED PANELS AND TEST RESULTS - Contlnued 

Dlam. ot Depth ot Pltch ot Average stress P1 
r1vet~, counterslnk rlvets, at tal11ng load, LFl! d h p -

l·ln. ) 11n. ) lln. ) ert 
lkll1) (kal) 

ts = 0.102 In.; bS • 2·.55 In.; L .. 11.64 In.; W = 13.39 1n . ; bw s 1.60 In.; b, .. 0.64 In. ; 

tw b S bW 
ts • 0.63; ts = 25; tw = 25 

9/32 42.8.00 1.106 
9/16 40.5SO 1.049 

3/32 0.050 7/g 39.100 .990 

1h 36.210 .93g 

1~ 35.4SO . 92a 2 29.S90 .75 

3/8 42.650 1.102 
9/16 41.910 1.07g 

lis .060 7/s 40.190 1.034 

1h 39.060 1.005 

1~ 36.500 .947 
2 34.150 .S91 

15/32 43.5SO 1.12g 
9/16 43.120 1.1lg 

5/32 .070 7/8 40.550 1.033 

1h 40.510 1.051 

119 
)2 37. 470 .9S7 

2 33, goO .g74 

9/16 42.170 1.0g9 
7/g 40.340 1.041 

3/16 .0SO Ih 39.7g0 1.030 

1~ 37.390· .95S 
2 33.S50 .S72 

3/4 42.960 1.123 
7/~ 41.ggo 1.0M 

1/4 .090 7 
1)2 40.560 1.049 

1~ 37. 420 .967 
2 3~.3go .899 
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TABLE 2.- NOM1NAL DI MENSIONS OF Z-STIF~ENED PANELS AND TEST RESULTS - Contlnued 

Dlam. of Depth or Pitoh of Avera.ge stress Pl riv Fl tll, oounterslnk riv'3t s, at failing load , L/ ~ d h 0 

l ln . ) lin. ) lln . ) crr (kill) lkll l ) 

ts • 0.102 In.; bs = 2.55 In.; L = l lt.52 In .; W = 13.39 I n. ; bW - 1.92 In.; br = 0·77 In. ; 

tw b S bW 
ts = 0.63; t = 25; tw = 30 

:3 

9/ 32 39 . 4.10 0.900 
9/16 3l· 690 . 51tl 

3/32 0.050 7/5 3 .090 . MO 

lh 35.060 .775 
119 
)2 32 .550 .733 

2 30.1t00 .672 

3/g 39.500 .M4 9/16 3~.960 .t!,7 
1/t!, .0&0 7/5 37 . 7M .51t5 

lh 30.000 .M5 
119 

33.960 .7a4-~ 
2 33 .4-60 .7 2 

15/32 39.970 .Mt!, 
9/16 39 .110 .g65 

5/32 .070 7/5 37.550 .536 

lh 37.560 . 545 

119 
~ 35.990 . M3 

2 33.290 .753 

9/16 35.210 . 535 
7/5 37.910 . t!,41 

3/16 . 050 lh 37.070 .829 

1~ 36.0M .M3 
2 33.290 . 74-1 

3/4 39 .54.0 . M3 
7/5 39.ltoo .g71 

1/4 .0')0 
lh .g1t5 35 .220 

lj1 36.570 .514 
2 33 .930 .754 
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TABLE 2. - NOMINAL DIMENSIONS or Z-STIFFENED PANELS AND TEST RESULTS - Contlnued 

Dlam . of Depth of Pitch of Averll.ge stre!le Pi rlvets, counterslnk rlvets, at fal11ng load, d h p L/ -../C 
(In. ) 11n. ) (In. ) O"f 

(kal) \kel) 

ts : 0.102 In.; bs • 2.55 In.; L = 20.00 In.; \Ii = 13.39 In.; bw = 2.56 In.; bp' • 1.02 in. ; 

tw _ 
0.63; 

bs bW ts - ts = 25; tw 
.. 40 

9/32 32 •5aO 0.601 

3/32 
9/16 30.g 0 J~a 0.050 7/g 2g.g10 

Ih ~.010 .50g 
119 

32 26.500 .4g7 
2 25.700 .474 

3/g 32.910 .602 
';1/16 32.g50 . 597 

1/g .060 7/g 30.500 .55g 

Ih 29.5M .543 

1~ 
2 

2l·960 
2 .610 :a~l 

15/32 32.820 .59g 
9/16 32.750 .59 3 

5/32 .070 7/g 31.610 .577 

1h 30.560 .560 

1~ 29.110 .533 
2 2g.0SO .517 

9/16 33.440 . 616 
7/g 3~.140 .5M 

3/16 .0gO 1h 30.920 .564 

1~ 29.510 .535 
2 27.930 .507 

3/4 33 ·110 .602 
7/g 33.3g0 .614 

1/4 .090 1h 32.110 .5g6 

1~ 31.130 .573 
2 30.270 .556 
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TABLE 2 .- NOMINAL DIMENSIONS OF Z-STIFFENED PANELS AND TEST RESULTS - Concluded 

Dlalll. of Depth of Pitch of Average st r es!! Pl rivets, countersink r1vets, at raillng load, L/ -.rc d b P -
(In.) llr.. ) l l n. ) C5r Iksl) Ikal) 

ts = 0.102 In. ; bs = 2.55 in.; L ::: 25.70 In.; W = 13.39 In.; bY{ = 3 .20 In. ; br = 1. 2e In. ; 

til' _ 
0.63; 

bS bW 
.. 50 ts - ts = 25; tw 

9/32 29.500 0.474 
9/16 27 . 580 .444 

3/32 0.050 7/e 25 . 590 .405 

Ih 23.540 . 327 
119 

32 22.290 .354 
2 21 . 670 .343 

3/e 30 .170 .4e1 
9/16 29.190 .465 

l/g . 060 7/g 27.220 .432 
L 

132 26.7';0 .425 
119 
;2 24.000 .37e 

2 23.450 . 37e 

15/32 30.170 .47~ 
9/16 29.e20 .47 

5/32 .070 7/ g 29.000 .462 
L 

132 27.110 .433 
10 

132 25. 670 .11-09 
2 24.600 . 394 

9/16 29 .350 .466 
7/g 2S.MO .45g 

3/16 . O~O 7 
13'2 27.650 .441 

119 
)2 26.070 .415 

2 24.650 .393 

3/4 31. 3M ·a02 
7/g 29 . 520 . 62 

1/4 .090 Ih 29.230 .46~ 

119 
3'2 27 . 450 .434 

2 26 .640 . 1127 
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Figure 1.- Cross section of test specimens. 
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Figure 2.- Typical specimens after failure. 
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Figure 3.- Variation in compressive strength of panels wtlh rivet diameter. 
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Figure 3-Concluded. 
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