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SUMMARY

Compression tests were made on several seriles of
flat panels with Z-sectlon stiffeners, in which relative
dimensions were varied individually. The test data
presented show the effect of each dimension ratio on the
buckling stress for the sheet and on the average stress
at maximum load.

TON

INTRODUCT

Several series of compression tests have been made
on panels with Z-section stiffeners formed from flat
sheet (see fig. 1) to show the importance of relative
dimensions in determining the strength of the pa els.
The average compressive stresses at maximum load end
the buckling stresses for the sheet obtained in the in-
vestigation are presented in this report, which 1is an
extension of reference 1 and which supersedes this
reference.

SYMBOLS
ba width of attachment flange
bp width of outstanding flange
bg | spacing of stiffeners
by width of web
By thickness of stiffener
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tg thickness of sheet

rp radius of bend between web and attachment flange
rp radius of bend between web and outstanding flange
L length

c end-fixity coefficient in Buler column formula
S buckling stress of sheet

O e average stress in panel at maximum load

TEST SPECIMENS

The specimens used in the tests were constructed of
24S-T aluminum alloy with the grain in both sheet and
stiffeners parallel to the longitudinal axis of the stiff—

énercey . Longitudinal stress~strain curves representa-
tive of the group of specimens for which the ratio
ty/ts was 0.51 are presented in figure 2. Inasmuch as

the investigation of which these tests are a part 1is
8till in progress, a complete set of stress-strain curves
is not yet available.

The stiffeners for all panels were formed from sheet
material 0.064 inch thick. From the value ty = 0.064,

the actual dimensions of any panel can be determined
from the dimension ratios subsequently presented herein.
A knowledge of the actual dimensions is not necessary,
however, because the stresses that can be carried are
established by the relative dimensions of = pPaneils

The stiffeners were attached to the sheet with
machine~countersunk flush rivets driven by an NACA flush-
riveting procedure. These rivets consisted of ordinary
flat-head rivets insertsd from ths stiffener side of the
Joint, the countersunk heads belng formed in the driving
pProcess . A flush-rivet milling tool of the type de-
scribed in reference 2 was used to remove the portlon ‘el
the formed countersunk head that protrudec above the
sheet surface after delving. The rivets in each stiff-
ener. were driven in a single operation on a Cincinnati
press brake as shown in figure 3. Machine-countersunk




1-L99

rivets of this type have been found to be tighter than
the conventional flush rivets. (See reference 3.) A
number of tests were made to obtain a comparison between
conventional round-head rivets and this new type of rivet
when it is employed in the construction of stiffened
panels. The results of these tests mey be obtalined from
reference 1. The conclusion wag that the new type of
rivet is as strong as or stronger than conventional
round~head rivets used for attaching stiffeners to the
sheet within the range of proportions included in these
tests.

In all panels, the rivets were A1VE-T aluminum

alloy. The included angle of the countersunk head was
60° and the depth of countersink was three-fourths of
the sheet thickness. The rivet spacings and rivet
Aiameters used in the test penels are given in terms ol
the sheet thickness in the following table:

EE Rivet spacing | Rivet diameter
0.81 10.0 1.50
<63 12.3 1.84
SHRS 12.3 1056
1.00 Loks' 1.98
i

METEQOD OF TESTING

The specimens were tested with flat ends in the
1,200,000~pound-capacity testing machine in the NACA
structures research laboratory in the manner shown in
figure 4. The accuracy of load measurement for
this machine was within one-~half of 1 percent. e
ends of the specimens were ground flat and parallel in
a planer especially adapted for this purpose, and the
method of alinement of the specimens in the testing
machine was such as to maintain this flatness and
parallelism of the ends.
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RESULTS AND CONCLUSIONS

Because stresses are established by the relative
rather than the absolute dimensions of the specimens,
The results are presented in nondimensional form.
Figures 5 to 8 and tables I to IV present test data that
have been reduced to take into account the end fixity
that exlsted in the tests. the Tixlty coefflelent Lor
similar specimens tested in the same testing machine has
been found to be about 3.75, and that value was used in
the reduction of the data. Two scales are glven for the
abscissas in figures 5 to 8 - one for a fixity coeffi-
glent © = 1, and the other for ¢ = 1.5.

The data are adjusted to give stresses for panels
that are sufficiently wide to be considered as having
an equal number of stiffeners and bays. This adjust-
ment was made, in the calculations of average stress at
maximm load, by subtracting from the total area and the
total load the area and the load for one stiffener; the
load in a stiffener was obtained by extrapolation of the
load~strain curve for the stiffener. The adjustment
was in every case less than 4 percent of the stress.

The sheet-buckling load was obtained from the load-
strain curve for the sheet and was taken to correspond
to the point at which the compressive strain on one
side of the sheet began to be reduced with increasing
load. No correction for the number of stiffeners and
bays was made In the calculation of buckling stress
because the stress was assumed to be uniform until
buckling occurred. The values of sheet-buckling stress
given in figures 5 to 8 are the averages of the values
shown for corresponding groups of panels in tables I to
Iv. -

The important feature of tables I to IV and fig-
ures 5 to 8 is the presentation of the actual data, be-
cause these data enable the designer to study the effect
of various dimension ratios on the average stress at
maximum load and on the buckling stress for the sheet-
stiffener combinatlon.

The following conclusions as to the effect of each
dimension ratio on the average stress at maximum load
and on the buckling stress can be drawn from the data
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shown in the figures and tables, if it is assumed in each
case that the other ratics are held constant.

1. ,The specimens having 4-section stiffeners with
bF/bW = 0.2 develcped less compressive stress at maximum

load than those with bp/by = 0.2, 0.4, or 0.5. Little

change 1s noted in the average stress for the values of
bp/by ebove 0.3. Changes in the ratio OF/bW have no

apparent effect o the buckling stress of the sheet.

2. The average stress at maximum load and the
buckling stress of the sheet decrease with Increasing
values of the ratio bg/tg.

3. The average stress at maximum load decreases
with increasing values of the ratio L/bw over the
range of values used. The tabulated data reveal no ap-
parent effect of the ratio L/by on the buckling stress

of the sheet over this range.

4, The average stress at maximum load increases
with increasing values of the ratio tw/ub. Although
the sheet-buckling stresses for panels with ty/tg = 1.00

were higher than for correspondlng groups of panels with
tW/tS = 0.51, the difference 1s not large and there ap-

pears to be no consistent trend over the range of
values of tw/tq investigated.

bs | IChanges in the ratlo bw/tw have little ap-

parent effect on either the average stress at maximum
load or the buckling stress of the sheet.

Some of the foregoing conclusions have been known
to 11r“raft designers, but rumerical values have not
been availsble to establish the optimum proportions in
a given design problem. This series of tests was made
to supply some numerical data.

Langley Memorial Asronautical Laboratory,
National Advisory Cormittee for Aeronautics,
Langley Flield, Va.
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Figure I.- Cross section of a test panel.
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Figure 3.- Gang riveting of stiffeners to skin with Cincinnati

press brake.
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Table I NACA
TABLE I.- TEST DATA FOR PANELS WITH tw/ts = 0,51

(o = 1]
b
= 35 50 75
i 3 ;
bp L 9%r | %max L %r | %max L %r max Py
Si Pw | (ksi) | (ksi) bw | (ksi) | (ksi) B [(ksl) |(ks1)| Ty
5.4 | ~==== 29.9 4.8 |16.8 24.7 4.0 |===-- 19.8
0 2 9-5 ----- 30.-1 8.4 16-7 22.3 7.3 7.0 18.4
s 150 e i 26.1 11.9 ----- 2004 10.4 604 1600
180-7 ----- 15.4 1608 ----- 12.9 14.7 7.2 1200
5." (S ST 31.5 501 1701 26.2 4.1 SR S0 22-4
0 3 1001 - - 30.6 9.0 1606 2400 708 7.4 1804
i 14.7 | ===== 25.6 12.9 |17.6 21.9 11.2 7.1 16.5
2002 b s 1409 18.1 ----- 15.0 15.5 704 1202
2
6.0 | =====| 31.2 5.5 |17.4 26.7 4.6 8.7 20.5 o
0.4 10.8 | =~-=~ 31.2 9.6 ]17.0 | 25.1 8.3 7.6 19.2
15;1 ----- 2508 1306 17-0 21.2 1108 609 16‘7
21.4 | =----| 15.2 19,2 | ===~ 14.6 16.4 ot 12.0
6.4 | 30.4 31.4 5.7 |17.7 26.3 5.0 7.3 21.2
0.5 11.2 | =~=== 30.3 101 117,12 23.7 8.8 7.6 18.6
E 15.9 | ==--- 26 .4 14.3 16.9 | 21.1 12,5 | 7.0 [17.2
12246 | ====- 13.4 20,2 ===~ 15.0 16,5 | 7.0 13.3
5.8 | =====- 30.2 5.2 | 16.1 24,2 4.4 9.0 18.7
0.2 102 | === 27.9 9.1 | 16.3 21.6 Te8 | 7e6 16.0
% 14.4 T . 25-1 12.9 16'1 19.7 11.2 7.0 15.2
20.0 | ==c-= 14.6] [18.1 ) -=--- 2.4l 1164 |-6:9 111.2
6.2 | 30.3 32.5 5¢3 | ===== | 25,2 4.9 | 7.4 21.0
0.3 10.5 | ====- 31.7 9.8 | 17.2 | 24.7 8.4 | 7.3 18.6
% 1505 ----- 26.6 13.8 17.6 20.8 1109 7.7 16.5
2le4 | ==--~| 16.8 195 | ===-= | 15.2 1666 |w====| 13.7 S
[ 6.5 | ~=-<= 30.9] | 5.7 [15.9 |25.9| [ 5.1 | 6.6 |21.0
o 4 11.5 O S 31.2 10-2 16.2 24.0 8.8 7.6 19.4
3 16,5 | ==w== 26.9 14,5 | 17.9 22.2 12.5 | 7.8 | 17.5
2304 | === 13.4 22,0 | ==w=== | 13.6 18.2 7.2 12.2
6.9 | === ] 32.3 6.2 [ 16.1 | 26.5 5.4 | 7.4 | 20.9
0.5 11.8 | ===== 31.4 10.6 | 16.7 24.9 9¢4 | 7.5 19.4
3 17.0 (D g S i 27-0 15.4 17-5 22.8 1305 7.8 1706
2347 | ===== 14.4 21,3 | wem== 15.9 18.6 8.2 12.8
6.1 | ===== 29.9 5.5 16.3 23,2 4.8 6.9 19.4
0.2 19.6 S —— 26.8 906 1608 21-9 8.‘ 7.1 177
B 15.2 | -=--- | 24.1 1367 | =---- 18.4 11.4 | 7.2 | 15.0
21.2 @ wme o 16.0 19.3 ----- 1306 1606 700 1103
6.4 | 30,5 | 31.4 5.9 | 17.3 25.6 S.1 7.4 20.0
0.3 1103 S S S 50.7 10.2 17;6 24.3 900 703 18!9
16,2 | e==== | 27.0 14.6 | 17.6 | 22.6 12,6 | 7.3 16.4
22,8 | ~=---| 16.8 20,1 | =====| 15.7 17.6 7.6 13.6 s
6.9 - b s 30.7 602 1602 25.0 5.3 6.8 1902
0.4 1109 e S 31.0 10.9 17.0 25.8 906 706 1908
16‘9 . o 27.5 15.‘ 17.7 22.6 15-5 7.2 1707
2308 S - o~ 17.4 21.6 S - 16.4 1808 7.8 13:4
7.2 ----- 3101 6.5 160’7 25‘5 5.8 708 20.6
o 5 1102 ----- 30.3 11.5 16-8 24.4 1000 8.7 1908
2 17.9 ----- 27.5 1600 16.9 23-0 1403 702 1700
85,5 | ~cous 17.5 i B 16.5 20,1 | 7.4 | 13.2
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Table 11 NACA
TABLE II.- TEST DATA FOR PANELS WITH tw/ts = 0.63
=13
b
?;'§ = 35 50 75
S
bp 4 Ocr | %max 3 Or |°max L Or | %max bw
Pw| | Pw | (ks1) | (ksi) Pw | (ks1) | (ksi) Bw | (ks1) | (ks1)| Ty
6.l | me=== 32,6 5.4 | 17.4 26.0 4.8 8.9 20.4
0.2 1007 ----- 30-3 9.6 15.6 23.6 8.4 8.2 20.2
15.2 | m==== 25T 13.9 | 16.8 201 12.1 8.2 15.8
21,3 | me=== 14.3 193 | === 14.5 16.9 6.9 12.0
6-5 29.4 52.0 5.9 15.9 28.2 5.1 ----- 22.0
x 115 | m==== 32.8 0.3 1620 25.0 8.9 6.9 202
0.3| 1642 | ===== | 25.4 | [14.7 }17.1 |21.8 | [13.0 | 8.0 [15.8
22.5 | ====-= 15.6 204 | ==--~ 15<1 18.0 7.6 13.0 20
6.9 ‘‘‘‘‘ 53.5 6.5 ----- 28.3 505 7-8 22.7
0.4 12,1 | ===== 34.0 11,1l | ====-=- 25.8 9e8 | === 21.3
S 16¢5 | ===== 28.3 155 1:16:5 22.2 13.8 763 172
24,3 | ====- 15.4 21,8 | === 14.5 19.2 N7 125
7 SAlE 2907 33.5 6.5 | 16.3 27 .4 8.8 |==eo= | 22,4
0.5 12,4 | ===== 32,0 11.3 {15.8 25.6 10,0 8.9 20.5
= 17.8 | e==== 29.4 16.3 | 16.8 22.9 14.4 7.0 18.5
24.6 | ---~~ 17.7 | |2248 | -=~-= 16,3 | |20 7.7 113,9
701 ----- 31.7 6.7 1507 2505 6.1 703 20.9
0.2 12.4 | ==e== 29.0 117 1:16.8 2Rl 10.8 7.8 17.8
e 179 | ===== 2331 16,8 | mc=== 20.2 15.5 7.5 14.1
25.1 ..... 1306 2305 ..... 11.9 21.2 707 1000
7e6 | em=== 33.1 7112850 27 .4 6.5 | 7.9 32.7
0.3 13,3 | mcow= 32.4 12.4 | 16.6 25.0 11.4 7.3 19.2
e 19.2 | ===== 24.7 17.8 | 15.8 20.68 18,3 8.2 15.6
2605 ----- 1404 25.5 ----- 15.5 Coherbotod (et — oo e st oo 25
Boo ---- 33.8 '7.5 15.5 28-0 6.9 709 2201
0 4 1400 ----- 5204 13.4 16.4 25.0 1109 7.9 1908
% 2000 ‘‘‘‘ 26;1 18.8 .... 20.4 17.1 7.9 16.‘
27 .5 | ===== 185.1 26,0 | ===== 18.5 24.2 8.0 11.3
751 29.% 32.5 6.9 ] 16.9 28.0 8.2 8.1 o2l
0.5 13,1 | ce=== 30.9 12.2 | 16.1 26ee 10.86 73 20.9
5 18.5 | =====| 28.2 17.2 | 16.8 23.0 15.5 Ted 18.1
25,9 | m==e- 17 .4 2385 | ===== 1.2 [21.5 7.4 13,8 |
6.6 | 29.6 31.2 6s2 | === 24.9 5.4 7.4 19.9
0.2 114 | ===== | 27.3 10.6 | 16.0 22,2 Q.4 6.9 173
g 16.5 | ===== 23.5 15.4 | 17.0 | 20.3 13.8 | 8.1 | 16.9
22-8 ..... 16.9 21.3 - - 1502 19.0 706 1501
Tel | em=== 30.7 6.6 | 16.4 26.1 568 | ===== | 20,6
0.3 12,3 | «==== 29.9 11.4 | 16.2 24.9 10.2 72 19.6
i 1746 | ~=ee= 27.9 18.1 | 16.0 |22.9 14.5 | 7.6 | 18.6
2402 ----- 17.9 22.6 ----- 16.5 20.4 7.6 13.8 30
74| ===== 30.7 6.8] 16.3 25.8 6.2 8.4 21.2
0.4 12,9 | =====| 31.4 12.0 |1 17.8 26.9 10.8 75 21.0
18.]1 | m===- 28.1 16.9 [ 16.6 | 23.2 15.3 8.0 18.8
25.4 | we=== 18.5 2368 | m==== 162 21.4 7.9 14.1
7.8 | ecwee 30.4 7.2 1 16,1 26.2 6.5 6.4 21.0
0.5 13.7 | e====| 29.1 12,7 | 15.8 24.0 11.4 8.3 20.2
= 193 | ===== 27.6 18.1 | 15.4 220 1665 | m==== 18.0
27,0 | ===== 18.0 25,0 | ===== by R0 & 22,8 7,0

béhH-7




Average stress at maximum load , ksi

Figure 5.- Strength of test panels with Z-section
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TABLE III.- TEST DATA FOR. PANELS V/ITH tw/ts = 0.79
[e = 1]
5 - a5 50 75
ts
o

l_)_I_"_ i, %r | Omax L. Ier “nax ) cr max
by by (k=1) | (ksi) bw (ksi) | (ksi) by (ksi) | (ksi)
bl ~=ed 34.1 és2] 1878 26,9 B8 | 754 | 2153
0.2 | [11.6 | ===== GlL B 10.8] 18.8° | 24.1 9.8 | 7:9-| 19,8
s e 27 .7 155 7.5 215 d o1 8eds 164
P2ER0I 20T 16.9 21,5| ===a= 16.3 19.6 | 8.3 | 12.6
o)1) IR 34.5 665} mewaa 287 5.9 936 | 22.9
0.3 | |12.8 | === 34.4 .51 2058 11272 MOl A 21T
2 g esaia 26,9 16.5] 18.9 ] 25.4 14,6 | 8.8} 17.4
PELG [le=anl 16.5 2.7 | —as=a 16.2 207 1 9.6 | 127
i e e e B 6.9| 16.9 | 29.6 621 92T | BA:7
0.4 | [13:2 | ==~-- 34.6 g28 1 T Xo 08 e 10,8 7].9:1 | 2333
¥ 187 | ~=ca= 297 7.8 18,78 ] 23.2 15,2 |86 | 20:4
258 [ll==ac= 16.8 24,5 ac<== 16.4 SESY I 8i7 | ¥4ie
6. i sceaw= 34,8 2 16T 29,7 646 ']. 842 | 242
0.5 | 13.3 | 31.6 [33.7 12.5] 18481 |'28:5 11:3 | 98 .1 2248
B9 26 1% 1277 1850 87 1231 18.3 | 8.0 | 19.4
26'6 ----- 17.6 2405 ----- 1604 2205 8.4 1305
Tal=aie 32.8 87 Lil7.2 | 28:4 6.1 | 8.8 | 21.3
0.2 | [ 188 | ====- 29,7 T1.7] 18.25 | 24:3 10.6. | 7.9. | 187
* 18,0 | ==v-s 25,7 16,8 | ~==== 22.8 15.2 | 9.2 | 16.6
2479 ——nas 16.2 23.4 | ==-== 15.9 23¢2: k837 - | 13,3
7.6 | 28.3 | 37.0 Vel | ==ace 28.9 6eb [=cswk 23:6
0.3 | [18:3 | ==~=- 32.6 Jp o= caa 28.2 3Y.5.F 94 ] 22.2
: JEgele Ll s 28.2 17.9117.6 | 24.4 16:2 | 8.6 | 19.3
PhL Ok st 17.6 2408 | «teas 16.9 22.6 | 9v2 113.8
Bool covin 5.2 7.5 |14.4 |29.2 6.8 [10.1 | 24.4
0.4 | |13:9 | ==~-- 33.3 13.2 ] 18.6°% |27.8 120 | 7.9 12256
% P00 e 29.3 18,7 | ==-=-= 23.3 1742 1 96X - | 1945
Pyl G (RIS ik | 25.8 | ==can 1750 a3.8: | 8.2 |:18:4
'709 """ 33 2 7.5 18.5 28.5 609 8.8 23'6
0.5 | [13.9 | ===-- 33.8 T el e %4 118 |===== 22,9
19,8 | ~===- 27.9 d8e8 7.4 |23:5 1700t [%769 | 199
PV o5 | wewam 17.7 26,7 | ~=--- 17 .2 24.0: | B2 .| 1452
N 32.0 6:8119.2 [25.3L | 8.3 1 9.0 [ 20.8
0.2 | | 1246 | ===-= 2l 19t 20.1" | .22.7 10.9: | 8.6 |17.8
. 18.0 | =c«=- 23.6 1646 | ===~ 2052 1567 | 8.8 | 163
254 Fi=rnoa 17.3 24,1 | -=--- 17 .3 218 1 8.9 | 1397
7ot s S B R 77 o1k 27,8 8.6 | 8,9 | 22.9
0.3 | 135 | ==~-- 2.0 12.8 { 19.5 |26.6 27 ] 8.5 1 2263
s o)y SRR 28,5\ " '1831 [ 19.1" [23.6 185 .1 8.8 }.19:2
26.5 ---- 1806 25.4 ---- 17 6 23.2 709 14 4
8:l freenas 32.5 7.6 118.6° |27.6 Tl 1.960 .|| 2346
0.4 | | 14:0 | ==~-- S1.7 13.3 |20.1 |26.8 1256|590 | 216
i (o) ] (RS 28.2 19.3 [18.4 [22.6 178 | 8+8 - | 1947
iz 8] RERPOEE 17.5 sl e .2 25.1 | 849 | 1440
840 fidevws 312 7.6 1'17.9.: [26.9 7:2 |81 | 22:5
0.5 | 14:1 | =-==-- 30.2 13,68 |----- 25,0 12,7 | 8.8 |[20.9
s SOOI w2l 26.5 g silocad 3.7 17.8 | 8.8 | 18.9
SHI6 Il swwda 17.1 Pl S 16.5 25.4 | 8.1 | 14.8
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TABLE IV.- TEST DATA FOR PANELS WITH ty/tg = 1.00
= 1:]
28 = 35 50 75
s
by 1. O%r | max L} Cep 1 Tvugx T %r | %max
by By | (ksi) | (ksi) by | (ksi) | (ksi) by | (ksi) | (ksi)
o 33.8 6.8 |19.5 |27.6] | 6.5 | 8.3 |[22.2
0.2 1207 ----- 30.4 1201 1907 26.9 10.9 902 19.9
18.1 | ===== 26. 17.1 | 20.6 22,3 15.6 9.0 17.4
25.3 ----- 16.8 24.0 ----- 16. 21.6 901 1307
706 P - 3603 702 18.3 30.2 7.3 8.6 24.0
O 5 1301 ----- 52.8 12.4 18.4 27.8 11'5 7‘7 23.2
8 18,9 | ====~| 26.8 17e0 | 1836 23.2 16.4 8.6 18.3
24.8 | =====- 17.6 25.4 | ==--=- 18. 23.2 8.6 14.6
7-9 ----- 36.7 7.4 18-8 31-6 7.0 9.7 25'9
0.4 13,7 | =w=== | 33,7 12,9 | 18.0 | 29.1 12,3 8.4 23.8
¥ 1906 ----- 27.3 1808 17.5 24.1 17-5 8.3 2001
264 | ===~ 17.5 25.8 [ ===-== 16.7 24.6 8.9 14.3
8.3 | 33.0 36.1 8.0 | 20.0 32.0 7.2 9.0 26.1
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Average stress at maximum load, ksi
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Figure 7- Strength of test panels with Z-section
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