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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1829

DATA ON THE COMPRESSIVE STRENGTH OF 75S-T6 ALUMINUM—-ALLOY
FLAT PANELS WITH LONGITUDINAL EXTRUDED
Z-SECTION STIFFENERS

By William A. Hickman and Norrie F. Dow
SUMMARY

The experimental resulis are presented for a part of an investigation
of the compressive strength of 75S-T6 aluminum-alloy flat panels with
longitudinal extruded Z-section stiffeners. This part of the investigation
.18 concerned with panels in which the ratio of the thickness of the
stiffener material to the skin material varies from 0.4 to 1.0 and the
ratio of stiffener spacing to skin thickness varies from 15 to 40.

INTRODUCTION

The strength of longitudinally stiffened wing compression panels has
been the subject of an extensive study (references 1 to 9) in the Langley
Structures Research Laboratory of the National Advisory Commlttee for
Aeronautics. One of the facts brought out by this investigation (see
references 7 to 9) i1s that the structural efficlency of a Z-section
stiffener compares very favorably with that of other stiffener shapes.
Because of this high structural efficiency and because of the advantages
(apart from structural efficiency) inherent in a simple shape like a
Z—saection, the investigation of stiffened panels has been extended to
cover most thoroughly the strength of flat compression panels of T55-T6
aluminum-alloy with extruded Z-section stiffeners. Inasmuch as the
investigation 18 extensive and the time required to complete the experi-—
mental work and to analyze the data will consequently be prolonged, the
experimental results, without analysis, are to be presented as they are
obtained. In the present paper, the results are presented for panels in
which the stiffeners are relatively thick and closely spaced; specifically,
for panels for which the ratio of the thicknesa of the stiffener material
to the skin material varies from O.4 to 1.0 and the ratio of stiffener
spacing to skin thickness varies from 15 to L4O.



2 NACA TN No. 1829 .

SYMBOLS

Symbols for panel dimensions are identified in figure 1. Other
symbols used are defined as followsi

Py compressive load per inch of panel width, kilps per
inch

L length of panel, inches‘

c coefficient of end fixity in Euler column formula

Ocy compressive yigld stress, ksi

Ocp stress for local buckling of the sheet, ksl

ap average stress at falling load, ksi

Ef shortening per unit length at falling load .

P rivet pitch, inches

d rivet dlameter, inches

P radiue of gyration, inches

TEST SPECIMENS AND PROCEDURE

Test specimens.— The test specimens covered by the part of the investi—

gation presented herein congisted of six stiffeners and five bays as shown

in figure 1. The stiffeners were riveted to the sheets with large—diameter,
closely spaced ALTS-TL4 flat—head rivets (AN442AD) on all panels. The

nominal value of stiffener thickness 1ty was held constant at 0.102 inch

and, by variation of the sheet thickness tg, values of ty/ts of 0.L0,

0.63, and 1.00 were obtained. Tive stiffener spacings and four sizes of
stiffener corresponding to ratios of stiffener spacing to skin thick—

ness bg/tg of 15, 20, 25, 30, and 40 and ratios of stiffener width to
thickness by/ty of 12, 20, 30, and 40 were used for each value of ty/tg. .

The dimensions of the test specimens are given in tables 1 to 3.

Tor each croses section the length of specimen was varied to give five
values of slenderness ratio, namely, % = 20, 35, 55, 85, and 125. Some
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of the panels having % = 20 were 80 Bhort that the bay width bg was

greater than the length L. The values of the siress for local buckling
of the sheet o, and of the average stress at falling load Ef for

these panele are distinguished by placing them in brackets in table 1.

Material properties.— The with-graln compressive yleld strees Ocy

for the skin material (bare T75S-T6 aluminum-alloy sheet) ranged between
78.9 ksi and 71.3 ksl with an average of T4.6 kei and that of the stiffener
material (extruded 75S-T6 aluminum alloy) varied between 85.3 ksi and

71.0 ks8i with an average of T79.2 ksi.

Testing methods and procedure.— The panels were tested flat—ended,
without side support, in the 1,200,000-pound-capacity testing machline ak
the Langley structures research laboratory. Within the range of loads
used, the Indicated load on the testing machine was within one-half of
1 percent of the applied load. The ends of the panels were ground accu-
rately flat and parallel in a special grinder, and the method of alinement
in the testing machine was such as to Insure uniform bearing on the ends
of the specimens. Figure 2 shows a panel after fallure in the testing
machine. '

The local—buckling load was determined by the strain—reversal
method (reference 10) as the load at which a plot of the strains near the
crest of a buckle first shows a decreasing strain with increasing load.
The buckling load was divided by the cross—sectional area to give the
stress for local buckling oggp-

The shortening per unit length Ef was measured as the average of

the strains indicated by four 6L —1inch resistance—type wire straln gages
mounted on the quarter points along the length of the second and fifth
stiffeners.

Since an end—fixity coefflclient ¢ of 3.75 has been indicated for
gimilar panel tests in this machine and because the results of an end-—
fixity test of the type described in reference 11 on one of the panels of
the present investigation (fig. 3) checked this value of ¢, a value
of ¢ = 3.75 was used in reducing the test data.

In order to take into account the fact that the specimens had an
unequal number of stiffeners and bays, the test data were adjusted in the
manner described in reference 1. This adjustment consisted essentially
of subtracting the load carried by one stiffener from the testing machine
load. This adjusted load was then divided by the cross—sectional area of
the panel minus the area of one stiffener to obtain the average stress,
or by the panel width to obtain the load per inch of width.
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RESULTS AND DISCUSSION

The results of the investigation, adjusted as previously described
for an unequal number of stiffeners and bayse, are given 1n tables 1 to 3
and figures 4 to 6. The tables give values of the ratio of rivet diameter
to sheet thickness d/tg, the ratio of rivet pitch to sheet thickness p/tg,
the unit shortening at failing load €p, the stress for local buckling of
the sheet oy, and the average stress at failing load op for corre—

sponding values of the structural index i 33“ (See references 12 and 13.)

The figures give plots of or against L/'i- for the various dimension
c
ratios used.

The same general trends observed in previous investigatlons (refer—
ences 6 to 9) are also shown in figures 4 to 6, namely:

(1) At very low values of (long panels that fail by columm

Py
L/c
bending), the stress developed by the panels increases with an increase
in by/ty Dbecause an increase in the web width of the stiffeners provides

P
increased column strength. For high values of L/;;_ (short panels that
c

fail by local buckling), however, the stress generally decreases &as bw/tw
increases because an increase in the web width of the stiffeners decreases
the local-buckling strength.

(2) Except at very low values of £—§§: (long panels that fail by
c
column bending), the stress developed by the test panels tends to increase
a8 bg/tg 1s decreased because a decrease in the stiffener spacing

increases the local-buckling strength.

At the extreme proportions studied in the present investigation
values of ba/te a8 low as 15 and of ‘ as low as 12), abnormall
ST J

high values of —;El—, op, and ogp Were obtained. The high values
L/ ¢
of Pi were due both to the high load—carrying ability associated with

L/ V¢
the close stiffener spacings and to the short lengthe associated with the

small stiffeners. The short lengths were also undnubtedly responsible

for the abnormally high stresses Gp and oq, that were obtained at the

wider stiffener spacings. If a short panel, for which the ratio of length
to bay width L/bs approaches 1.0 or less, is tested flat-ended, the test
values of ©p and 0, may be expected to be higher than for a panel of

the same cross—sectional proportions but having greater length or less end
restraint. The end restrainte cause interferences with the formation of .
local buckles which are different from the interferences with bending of
the panel as a column, so that dilvision by the V¢ does not correct the
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test length to a pin—ended effective length. Until an analysis has been
made to evaluate end effects on abnormally short specimens, where local
buckling predominates, the high stress values obtained from them should
be recognized to be out of line with those obtained for more normally
proportioned panels.

Langley Aeronautical Laboratory
National Advisory Commlttee for Aeronautics
Langley Alr Force Base, Va., January 11, 1949
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TABLE 1

TEST DATA AND FROPORTIONS OF SPECIMENS HAVING — = 0.40
S

[§=&%;%=LB;%=5ﬂﬂ

Provortions of test specimens® : Test data
ty o4 bs by by ba g‘—w- Oor % Ll;j_ %
t, T c
(1n.) g 3 By Ty T (v) (ks1) (ks1) (ks1)
(0.102) (0.40) (15) (12) (4.7) (12.7) -

0.1012 0.408 15.1 12,2 4.70 12.81 6.0 69.3 72.5 6.36 755 X 1072
.1006 Jhou 15.1 12.2 4.83 12,98 10.5 -=-- 70.6 3.54 Thi
.1008 .Lo6 15.1 12.4 4.52 12.95 16.2 - 61.9 1.98 571
L0997 .400 1k.9 12.2 [ 12.95 25.9 ————— 4,2 .90 393
.1032 .16 15.1 11.8 4.61 12.56 38.2 ———- 15.6 .21 160

(20) (7.9)
.1020 407 15.1 20.2 7.81 12.66 6.6 ———— 67.9 3.52 730
.1023 RIS 15.2 20.0 7.90 12,67 11.6 ———- 64.7 1.89 667
.1018 410 15.1 20.1 7.91 12.78 18.3 -—-- 61.3 1.1h4 548
.1016 403 k.9 20.1 8.03 12.85 28.4 ———— 43.8 .53 h11
.0981 .394 15.1 20.9 8.24 13.21 .7 ——— 19.1 .16 185
(30) (11.9)
L1016 410 15.2 30.3 11.92 13.05 7.2 ———— 57.2 1.93 751
.1011 .h1o 15.3 30.2 11.91 12,72 2.7 ———— 48.2 .96 480
.1023 416 15.3 30.0 11.67 12.57 19.9 P 5.2 .58 501
L1012 .boT7 15.1 30.4 11.75 12.71 30.8 —— 37.4 .31 351
.1007 406 15.2 30.3 12.00 12.27 5.4 ——— 21.2 .12 198
(s0) | (15.9)
.1030 19 15.2 39.7 15.79 12.53 7.6 - 48.2 1.33 511
L1004 .Lo2 15.1 40.8 16.10 12.86 13.2 ——-- 43.4 .69 426
.1027 413 15.2 39.9 15.77 | 12.20 20.9 ——— 31.9 .32 339
L1011 405 15.1 40.3 16.01 12.72 32.4 - 29.3 .19 272
.1007 .L06 15.1 40.3 16.1% 12,67 47.0 ——— 19.6 .09 ° 180
. (20) (12) (+.7)
.1002 406 20.4 124 4.81 12.58 b7 65.0 72.0 7.50 694
.1016 .hog 20.1 12.0 k.70 12.75 9.7 ——— 68.4 3.50 670
.1012 405 20.1 12,2 4.85 13.04 14.9 - 60.6 1.99 629
L1017 W11 20.2 12,2 4.83 12.81 21.3 - 39.7 . 37h
.1015 406 20.1 12,1 .73 12.72 34.5 ——— 20.0 .29 189
(20) (7.9)
.1020 RN g 20,4 20.2 7.82 12.61 6.0 66.9 68.2 3.57 674
.1021 413 20,3 20.1 8.0l 12.90 10.6 - 6.7 1.93 613
.1020 412 20.2 20.1 7.91 12.90 16.9 ———- 61.0 1.1k 582
.1015 Lot 20.1 20.1 8.06 12.91 26.3 ———- 43.5 .53 400
.1018 410 20.2 20.2 7.95 12.70 38.k - 24.8 .20 230
(30) (11.9)
.1012 407 20.1 30.4 12.02 12.97 6.7 55.2 56.7 1.95 540
.1004 405 20.3 30.4 12.02 12,91 11.9 - 51.6 1.00 koo
1017 L411 20.1 30.2 11.84 12,61 18.6 - Lh.3 .55 416
.1005 405 20.2 30.6 11.93 12,82 28.7 ———- 36.9 .30 352
.1016 k1o 20.2 30.1 11.98 12,75 k2.5 -—-- 23.4 .12 268
(40) | (15.9)
.1008 408 20.3 k1.0 16.26 12,94 7.1 49.8 50.8 1.32 553
.0983 .396 20.2 hl.7 16.41 13.23 12.6 -——- 43.8 .65 428
.1018 410 20.0 k0.2 15.9% 12.61 19.8 e 36.4 .3h 384
.1019 408 20.0 40,1 15.82 12,60 30.8 - 29.8 .18 278
.1007 408 20.4 Lo.7 16.11 12.95 45,1 ———- 20.0 .08 190
(25) (12) (4.7)
.1018 409 25.1 12.3 475 12.78 4.6 58.6 65.3 6.58 639
.1017 406 24.9 12.1 4.68 12.7h 8.0 56.2 61.5 3.65 617
.1054 423 25.2 11.7 4.51 12.29 13.8 - 55.2 1.87 500
.1009 407 25.2 12,1 4.80 12.95 21.7 —em- 38.9 .85 350
.101k .hot 25.0 12.1 L.72 12.63 31.9 - 13.0 .23 - 160
(20) (7-.9)
L1015 Lot 25,0 20.3 7.76 12.75 5.5 54.9 61.9 3.36 630
.1013 ko6 25,0 20.0 7.96 12.99 9.9 58,4 59.8 1.84 550
.0982 .39k 25.0 20.9 8.21 13.20 15.7 56.7 58.9 1.13 540
.0987 .396 25,0 20.7 8.17 13.03 24 .4 == 46.0 .57 k20
.1000 koo 25.0 20.4 8.16 12.86 35.9 -—-- 21.8 .18 200

&Nominal proportions are glven in parentheses. = NACA 7

bLengths are for actual test specimens for which ¢ % 3.75.
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TABLE 1l.— Concluded

TEST DAl {D PROPORTIONS OF SPECIMENS HAVING % = 0.40 ~ Concluded
Proportions of test sspecimensa Test datq.
. S 0, - Pi
o W 0% [ | ok N N I :
(ks1) | (ksi) L/ e
(in.) s g W W W {v) (c) (c) (ks1)

(0.202) (0.40) (25) (30) (11.9) (12.7)

0.1001 0.404 25.2 30.3 12,13 13.15 6.3 51.5 56.0 1.92 490 x 107
1003 406 25,2 30.4 11.97 12.92 11.1 - 50.7 .98 466
.1028 .48 25,4 29.6 11.54 13.13 17.6 ———— 46,2 5T 450
.1013 406 25.0 30.2 11.76 12.69 27.1 ———- 43.5 .35 390
.1018 o7 2h.9 30.2 11.85 12.73 39.8 -——-- 25.4 J1h 240

. (s0) | (15.9)
.1002 Lok 25.2 %0.9 16.16 12.93 6.8 46.6 49.6 1.26 460
1026 41l 25.1 39.8 15.79 12.53 11.9 ———— 42.3 .62 420
.1040 416 25,0 39.1 15.57 12.66 18.9 ———— 34.6 .32 320
.1053 422 24,9 38.9 15.20 12.26 29.0 ———— 28.9 .17 280
.1032 L1 25.0 39.7 15.64 12.36 42.6 ———— 21.1 .09 210
(30) (12) (4.7)
L1019 411 30.1 12.2 | .72 12.79 L.y [52.0] [59.5) 6.20
.1009 410 30.2 12,1 ['al 12.80 7.9 40.5 55.3 2.84 730
.1011 .o 30.2 12.1 4.73 12.81 12.9 43.2 47,1 1.69 430
.101h A1 30.5 12,0 4.80 12,73 20.3 ——— 32.7 .15 310
.1018 413 30.1 12.1 4,72 12.75 29.7 —— 23.7 .36 210
(20) (7.9)
.0986 406 30.1 20.1 8.11 13.18 8.2 40.6 55,2 3.01 630
.1020 12 30.1 20.0 7.90 12.92 9.2 41,4 50.7 1.60 640
.1018 410 30.0 20.0 7.89 12,72 14.8 43.0 49.3 .97 510
.0985 .392 30.3 21.0 8.10 %3,10 22.7 ———— 4.8 57 Loo
.0988 Loy 30.1 21.0 8.20 13.11 33.6 c-——- 20.8 .18 190
(30) (11.9)
L1014 405 30.4 30.1 11.89 12.68 6.0 k3.9 47.6 1.62 650
.1007 403 30.5 31.2 12.03 12.87 10.4 41,5 45.9 91 460
.1013 409 30.1 30.2 11.95 12.79 16.6 —— k4.8 .55 Loo
.1010 409 30.2 30.1 11.92 12,74 25.7 . 39.6 .32 350
.1016 ko9 30.0 30.2 11.87 12.66 37.9 ——— 25.9 W24 241
(40) | (15.9)
.1007 .399 29.8 Lo.1 16.07 13.02 6.5 38.7 46,1 1.18 450
.1015 417 31.0 ko.2 15.95 12.77 11.4 40.5 43.7 .62 390
.1005 Lot 30.6 1.1 16.15 12.89 17.9 ———— 39.3 -.35 350
.1028 416 30.1 40.0 15.72 12.51 27.4 —— 29.4 17 280
.1050 422 30.2 39.8 15.41 12.31 k0.4 ———— 22.0 .09 210
(40) (12) (4.7)
.1028 413 40.9 12.0 4,84 12.81 ¥.1 | [s1.1] E?g} 6.27 500
.1004 407 I k0.6 11.9 4.81 12.82 1.7 [31.4] 2. 2.53 555
1001 .403 40.2 12.3 4.90 12.81 11.8 24,3 46.0 1.73 500
.1018 411 40.3 12.1 b.72 12,67 17.7 23.0 26.5 .66 240
.1007 Lot Lo.4 12,2 4.85 12.81 26.7 c——- 20.4 .34 188
(20) (7.9)
.0988 .398 40.3 20.8 8.23 13.13 4.8 Bo.s] | k7.8] | 2.75 808
.0986 .398 40.3 20.8 8.22 13.23 8.4 22,6 43.4 1.43 520
.0978 2394 40.3 20.8 8.20 13.31 13.3 23,5 39.1 . 520
L0991 .4oo Lo.4 20.7 8.21 13.12 20.6 2h.7 33.7 45 340
L0977 o2 40.3 20.7 8.20 13.60 30.9 ——a- 15.5 W1 iy
(30) (11.9)
.1008 .b10 Lo.7 30.2 12,50 13.50 5.5 23.3 4.4 1.40 520
.1016 406 40.0 30.2 11.81 12.70 9.6 23.2 37.6 .76 530
.1009 406 50.2 30.3 11.91 12.81 15.2 2k,3 35.9 46 bs0
.1010 .ho9 40.5 30.4 11.91 12.82 23.3 2.4 34,2 .28 330
.0999 405 o.7 30.8 12.06 13.0L 3.3 | eee-- 21.7 .12 200
(%0) | (15.9)
.1003 Lok 40.3 40.9 16.25 13.03 5.9 23.4 38.6 99 560
,1020 WA11 40.3 .1 16.33 12.69 10.4 2.4 35.1 52 450
.1027 415 0.4 k0.0 16.47 12,54 16.4 24.9 32.5 .30 304
1004 403 Lko.1 40.6 16.31 13.12 25.5 25.0 26.8 .16 290
.1011 ko7 %0.3 40.3 16.02 12.73 37.6 ———- 21.9 .09 177

8Fominal proportions are given in parentheses.
bLengths are for actual test specimens for which c = 3.75.

CBracketed values are for panels having bay width by greater than length L.
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TABLE 2

TEST DATA AND PROPORTIORS OF SPECIMENS H.AV'IN:‘

T o_ .4 _ b
[— = 0.92; 5 2.00; 7 S.hl]

w
Proportions of test specimens® Test data
L = Py
by W b oy L L7 by Jer ¢ 7

(1n.) tg tg [ Eo Ty (zg (ks1) | (xs1) | {£L3) £

(0.102) (0.63) (15) (12) (5.7) (9.7)

0.0978 0.627 15.0 12.5 .81 10.01 T 73.7 4.90 936 X 1079
.1020 .665 15.3 12.1 k.79 9.68 12.7 67.5 2.30 995
.1018 .658 15.1 12,2 k.59 9.67 20.1 —-- 60.1 1.30 576
.1015 .663 15.4 12.1 4.71 9.51 3Lk m——e 46.3 .64 426
.1031 .658 15.1 11.9 4.60 9.65 46.1 me—- 19.7 .19 188

(20) (7.9)
.0988 L643 15.5 20.7 8.01 9.93 7.9 - 69.0 2.63 706
.0989 .639 15.0 20.6 8.10 9.92 13.9 B 64.2 1.42 663
.0998 L6h1 15.1 20.5 8.11 9.62 21.7 ---= 60.3 .84 576
.1002 .655 15.4 20.3 7.95 9.91 33.7 it 39.9 .36 375
0997 652 15.3 20.3 8.01L 9.90 | 49.8 ---- 19.5 .12 191
(30) (11.9) .
L1019 664 15.4 30.3 11.87 9.70 8.1 - 49,0 1.45 510
L1019 .650 1.9 30.0 11.86 9.70 1.k --=- 46.5 .81 L62
L1017 .663 15.4 30.2 11.96 9.71 22.5 - 4h.3 .48 437
.1016 661 15.3 30.1 11.84 9.81 34.8 ---- 29.2 .23 293
.1013 .656 15.1 30.2 11.91 9.60 51.3 ---= 15.9 .08 156
(40) | (15.9)
.1037 .669 15.1 39.3 15.53 .75 8.3 ---- | k2.2 1.08 508
.1035 677 15.2 40.1 15.60 9.54 14.3 -—-- 36.4 .5k 419
.1038 676 15.4 39.6 15.61 9.4 22,6 m-—- 30.6 .28 348
.1039 .680 15.3 39.5 15.61 9.38 35.0 - 22,2 L14 221
.1031 .660 ik.9 39.7 15. 74 46.5 - 15.6° .07 148 .
(20) (12) (%.7)
0984 .640 20.4 12.5 4.91 9.81 7.0 m--- 69.9 3.84 826
21022 67T 20.3 12.0 k.75 9.54 12.2 --—- 69.8 2,22 729
.1026 668 20.3 12.1 k.75 9.55 19.0 w—-- 58.1 1.18 580 .
.1010 664 20.6 12.0 .74 9.75 30.0 == 45.5 .59 436
.0997 .656 20.6 12.3 4.80 9.96 43.6 -=-- 2.k .21 237
(20) (7-9)
.0978 640 20.4 21.0 8.21 10.03 7.6 - 69.5 2.39 676
L0977 .640 20.4 20.9 8.31 10.04 13.3 i 64.7 1.29 616 -
.1001 .655 20.5 20.4 8.01 9.79 20.9 === 58.4 -4 482
.0997 654 20.7 20.6 8.11 10.01 32.1 -—-- 46,7 .38 Lok
.0995 .6l41 20.2 20.4 8.00 9.98 7.9 m——- 21,7 .12 203
(30) | (11.9)
.1015 .671 20.5 30.5 12.01 9.71 7.9 -—-- 51.5 1.34 514
.1021 659 | 20.3 30.0 11.72 9.7 14.0 m-=- 45.9 .68 462
.1002 .659 20.6 30.7 12,01 9.72 21.9 e 46.0 43 428
.1017 .670 20.4 30.2 11.97 9.80 33.9 ---- 33.4 .20 308
1000 .659 20.7 30.7 12.10 9.72 50.0 --== 1 19.4 .08 178
(40) (15.9)
.1038 .687 20.6 40.2 15.51 9.37 8.2 m=-- 43.1 Ok 532
.1033 .683 20.6 39.7 15.61 9.48 14.3 === 36.0 45 Tord
L1046 .69k 20.8 39.3 15.52 9.4k 22,5 - 32,3 .26 322
L1046 L6T2 20,2 39.1 15.37 9.23 34.8 - m—— 26.6 J1h 252
L1042 .689 20.6 39.3 15.61 9.31 46,6 --=- 19.1 .07 179
(25) | @2) | (&7) ,
.0986 .631 25.1 | 12.6 4.83 9.80 6.6 65.3 3.56 48
.1023 .666 25.3 12.0 4.65 9.54 11.5 64.1 2.02 615
.1030 .66k 25,2 11.9 4,60 9.28 18.2 62.9 '1.25 594
.0988 L6l 25.4 12.3 L.75 9.63 28.3 8.7 .62 L5k
.1008 .653 25,4 12.0 4,82 9.73 41.9 2.7 .22 240
) (20) (7-9)
.1016 .653 25.0 20.2 7.93 9.70 7.2 61.2 62.8 2.12 672
.0980 634 25,2 20.8 8.12 10.01 12.8 61.2 63.5 1.20 609 .
.0998 646 25,2 20.4 8.08 9.78 20.1 c--- 60.6 .13 560
.0993 642 25.3 20.6 8.07 9.98 30.9 cee= bh.7 .35 118
.0998 .650 254 20.4 7.96 9.78 k5.8 - 23.7 .12 228

SNominal proportions are given In parentheses. ¢

engths are for actual test specimens for which ¢ & 3.75.
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TABLE 2.- Concluded

TEST DATA AND PROPORTIONS OF SPECIMENS HAVING % = 0.63 — Concluded
Proportions of test specimensa' Test data
- P
tw b b b L O o 1 -
(1n.) % % (%g) ( % ) W o | ey | ey | I, i
(0.102) 0.63) 2 30 1.9 9.7
0.1002 (0.65h 455% 30.7 11.94 (9.72 7.7 48.4 51.6 1.24 | 510 x 1075
1012 .655 25.3 30.3 11.92 9.7k 13.6 - 6.4 .63 kb5
.1013 .653 25.1 30.2 11.91 9.73 21.h —--= 44.8 .39 iy
.1004 646 25.0 30.7 12.04 9.87 32.8 ———— 38.8 .22 362
.1005 646 25.0 30.7 12.03 9.71 48.2 ———— 21.9 .08 199
(s0) | (15.9)
.1027 657 25.0 40.0 15.71 9.60 8.0 42,0 43.7 .87 513
L1071 .679 24,8 38.3 15.16 9.30 14.0 39.4 40.0 A5 468
.1013 654 25,2 40.3 16.01 9.73 22,1 ———— 35.1 .25 358
L1026 .666 25.4 39.7 15.71 9.51 34.2 ———- 27.3 .12 265
.1048 673 25,2 38. 15.45 9.12 k6.9 ———— 21.6 .07 195
(30) (12) (%.7)
.0983 .639 31.1 12.5 h.o4 9.92 6.3 Ly ,1 58.3 3.14 650
L0972 .628 30.1 12.7 4.99 9.9k 10.9 .6 53.8 1.65 672
.1009 .650 30.0 12,0 .72 Q.47 17.4 46.1 52.8 1.04 584
.1038 .673 30.2 11.7 k.59 9.45 26.8 o--- 43.1 .55 k15
.0997 642 30.2 d2.3 L.77 10.48 39.1 ———- 24.8 .22 227
(20) (7-9)
.1018 .656 30.3 20,0 7.94 9.58 7.0 48.4 54,8 1.78 647
L0991 635 30.2 20.5 8.03 9.70 12.2 [y 53.0 .99 648
.0978 627 30.4 20.9 8.14 10.03 19.2 48.8 53.5 .63 567
1004 646 30.1 20.2 8.05 9.77 29,9 -——- 474 .36 Ly
. 0991 641 30.0 20.5 8.06 9.95 k.0 - 25.9 .13 242
(30) (11.9)
.1009 .656 30.0 30.6 11.95 9.77 7.5 43.6 L7.7 1.08 480
.1016 654 30.1 30.2 11.86 9.65 13.2 44,9 46.0 .60 42
.1010 .652 30.1 30.2 11.84 9.61 20.8 ---- 43.3 .36 400
L1004 .654 31.4 30.6 11.99 9.87 32.0 -—-- 39.9 .21 380
,1014 649 30.2 30.4 11.84 9.72 7.1 ——— 23.2 .08 216
(ko) (15.9)
104k 671 30.0 39.0 15.48 9.35 10.4 33.0 41.9 7 515
.1008 .656 31.0 40.5 16.17 9.73 13.8 32.0 38.2 40 453
.1055 .676 30.5 38.9 15.25 9.4k 21.5 31.9 35.4 2y 354
L1015 657 30.4 39.4 15.41 9.38 33.2 - 27.4 12 275
.1033 664 30.1 39.5 15.67 9.45 46.8 m—n- 20.7 06 193
(0) | (12) | (b.7)
L0992 649 40.7 12,k 4.89 9.94 5.6 29.6 51.6 2.88. | 750
L0976 L6lky 41.2 12.6 4.90 9.90 10.1 24,1 46,0 1.42 738
.1011 .661 41.0 12.2 4.78 9.51 15.7 23.9 44,6 .89 598
.0998 654 41.3 12.3 4.82 9.92 24.6 26.0 37.3 .48 431
. 0990 .653 1.1 12.3 4.91 9.91 36.3 ———- 23.0 .20 220
(20) (7-9)
.1011 .665 k1.0 20.2 7.92 . 9.60 6.5 25.7 48.1 1.52 650
. 0999 .650 .7 20.5 8.00 9.90 11.4 26.0 by,5 80 720
. 0986 645 40.9 20.7 8.21 9.91 17.9 26.3 4.3 51 620
.0991 652 41.1 20.6 8.11 9.91 27.8 27.6 39.4 30 430
0994 .651 40.9 20.6 8.32 9.91 40.7 .- 24,3 12 230
(30) |(11.9)
.1003 657 4.0 30.5 12.01 9.72 7.1 24,9 k2.4 91 450
.1021 666 L0.9 30.1 11.82 9.62 12,4 27.1 39.4 7 690
.1010 .660 L40.9 30.2 11.87 9.81 19.6 26.6 37.0 .29 390
L1011 646 39.9 30.4 11.84 9.80 30.3 27.0 35.9 18 420
.1012 664 40.8 30.4 11.91 9.7 .5 —.—— 23.9 08 230
(%0) | (15.9)
L1025 .673 41,2 40.1 15.90 9.60 7.5 24,2 35.9 .60 W74
.1027 .676 . 39.9 15.85 9.60 13.1 24.5 34y .32 680
.1040 .687 k1.3 39.7 15.57 9.31 20.6 26. 31.0 .19 350
.1043 .688 Lo.9 39.0 15.41 9.32 32,1 25.5 27.0 A1 | 230
L1034 .678 40.9 39.6 15.60 9.61 46.6 ——— 21.7 .06 200
BNominal proportions are given in parentheses. vw
engths are for actual test specimens for which ¢ & 3.75.
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TABLE 3

TEST DATA AND PROPORTIONS OF STIFFENERS HAVING % =1.00

r d P
— = 0.92; — = 1.84; — = 6.1
[W > T 3]
Proportions of test specimensa Test data
— P
b by by by L o o —= Z
ty tw S o cr 75 ?
Gyl s | s | W | W | W | | een | e | Y
(0.102) (1.00) (15) (12) (4.7) (6.7)

0.0985 0.962 15.6 12.6 .91 6.91 8.1 ---- 7h.6 3.78 oh3 x 107D
.0985 .o48 4.7 12.} 4.90 6.90 1h.4 ---- 70.4 2.05 820
.1025 1.022 15.4 11.9 4.78 6.68 22,8 m--- 65.9 1.22 650
.0978 .969 15.1 12.7 k.92 6.95 34,7 m—-- 45.1 .53 410
.0988 L971 15.4 12.5 L.81 6.82 51.1 --=- 21.3 .17 200

(20) (7-9)
L0991 .983 15.4 20.6 8.20 6.87 8.4 m——- 68.9 2.58 730
. 1004 .979 15.4 20.3 8.10 6.71 1.7 il 63.8 1.37 580
.1016 .991 15.1 20.1 7.81 6.63 23.1 ——— 55.4 77 510
.1000 1.002 15.4 20.6 8.02 6.79 35.3 - 31.5 .28 310
.1021 .99k k.9 20.5 8.04 6.7k 51.1 -—-- 18.1 .11 170
: (30) (11.9)
.1010 .978 4.5 30.2 11.97 6.85 8.4 - 494 1.65 490
.1021 1.003 15.0 29.8 11.83 6.70 1.6 il L4.8 .90 410
.1010 1.005 15.5 30.4 12.01 6.91 22.8 === | 39.4 A7 330
.1009 .981 14.9 30.4 11.90 6.79 35.3 ---- 20.9 .16 275
.1010 .982 1k, 30.3 11.81 6.81 51.8 --=- 11.0 .06 120
(20) | (12) | (x.T) .
L0974 .9h2 20.1 12.6 4.88 6.73 8.0 me-- 75.2 3.32 870
. 0987 .963 20.2 12.5 h.g2 6.85 13.9 m——- 68.1 1.72 750
L0977 .952 20.4 12,6 4.87 6.92 22,0 === 67.3 1.06 600
.0981 945 20.2 12,4 5.05 6.89 3k.3 ---- 49.5 .52 460
. 0986 .o48 20.1 12.4 %.93 6.75 50.4 mr=- 25.6 .18 200 .
(20) (7.9)
.1005 .966 20.0 20.2 8.01 6.62 8.4 - 70.1 2,21 670
.1007 .978 20.1 20.5 8.10 6.71 1.4 m—- 65.8 1.19 620
L1016 .961 19.8 20.1 6.95 6.65 22,8 m-—- 56.0 .65 470
.1020 979 20.1 20.1 7.90 6.63 35.0 === 37.7 .28 340
.1018 .988 20.0 19.9 7.92 6.64 52,4 ---- 20.6 .10 200
(30) (11.9)
.1006 .995 20.4 30.3 12.05 6.82 8.4 == 48,2 1.29 578
.1001 .967 20.2 30.7 12,15 6.75 14.6 m=e- 46.3 .71 570
L1011 .975 20.1 30.4 11.98 6.69 22.8 m=-- 40.4 .39 400
.1007 .995 20.1 30.2 12.03 6.51 35.6 m——— 25.6 .16 290
L1013 .983 20.0 29.9 11.91 6.67 52.6 - 14,0 .06 120
(%0)  [(15.9)
.1032 1.004 20.1 39.2 15.85 6.6 8.4 === 40.9 .99 510
.1052 1.016 20.1 38.9 15.26 6.33 144 s 38.0 .54 500
.1037 .999 20.2 39.1 15.58 6.42 22.9 --=- 30.5 .27 310
L1031 .979 20.4 39.4 15.70 6.55 35.2 --=- 18.5 .12 210
.1032 1.013 20.0 39.5 15,65 6.50 L16.8 ---- 12,2 .05 110
(25) (12) (5.7)
.0985 .978 24.9 12.5 4.95 6.89 7.8 62.3 70.5 2.88 700
. 0981 .938 24.2 12.5 5.63 6.72 13.7 --=- 67.8 1.60 690
.0988 975 25,0 12.3 4.81 6.80 21.7 s-=- 66.3 .97 665
.0985 2941 24.3 12.5 4.90 6.80 33.1 et 51.5 b 460
.0993 .960 25.0 12.3 .71 6.83 49.3 ---- 24,4 .16 280
(20) (7.9)
.1005 .96k 2k 4 20.4 8.1k 6.71 8.2 m--- 69.4 1.96 680 ¢
.0985 .963 25,1 21.1 8.05 6.72 1.1 === 6h.7 1.04 650
L1022 .989 2,5 20.2 7.81 6.55 22.3 i 55.9 57 500
.0997 .981 25.0 20.8 7.94% 6.63 34.3 e 41.5 27 380
.1006 .982 25.0 20.4 8.00 6.51 51.0 ot 22.8 .10 210 .

2Nominal proportions are given in parentheses.

engths are for actual test specimens for which ¢ & 3.75.
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TABLR 3.— Concludsd

TEST DATA AND PROPORTIONS OF STIFFENERS HAVING % = 1.00 ~ Concluded

Proportions of test specimens® Test date
L - Py
tw bs bw bF b}\ Oop Gf €.
e — -— -— — . LA/C b
(:‘;.) g g ty Ty Ty .?_{;) (ks1) | (ksi1) ( {1-)

(0.102) | (1.00) (25) (30) | (11.9) (6-7)

0,1008 0.974 25.0 30.3 11.9% 6.60 8.4 7.5 52,2 1.19 490 x 1079
L1024 1.001 25.0 30.3 12.85 6.57 1.k ———— 47.9 .63 450
.1004 1.005 25.5 30.4 12.04 6.76 23.0 m——— 43.4 .36 420
.1006 .960 24.3 30.1 12,04 6.61 35.8 “——— 29.0 W16 320
.1006 .980 24.8 30.4 11.98 6.80 52.1 - 17.1 .06 160

(k0) | (15.9)
.1055 1.020 24,7 38.5 15.37 6.31 8.3 m-m- 4.2 .86 525
L1024 .996 24.7 39.9 15.86 6.50 1.5 - 35.7 42 400
1054 1.015 24.5 39.1 15.51 6.51 22.8 == 34.5 .2k 360
L1042 1.019 24.9 39.4 15,52 6.40 35.1 ---- 23,9 .12 220
.1040 1.018 24.8 39.5 15.60 6.51 46.5 ---- 14.8 .06 160
(30) (12) (4.7)
0977 957 29.5 12.7 4.90 6.91 7.5 57.3 61.2 2.35 800
.0982 9k6 29.1 12.6 k.90 6.80 13.2 54.0 59.4% 1.31 720
.0887 851 29.6 13.8 5.49 7.60 20.8 --~- 59.7 .84 590
.0982 .952 29.7 12.6 4.91 6.91 32.2 ---- 52.5 AT 4180
.0979 Okl 29.3 12.4 k.92 6.85 47.8 - 244 .15 240
(20) (7.9)
1024 .998 29.6 20.0 7.87 " 6.78 8.1 54.6 60.0 1.56 660
.1003 .973 29.4 20.4 7.96 6.64 14,1 56.4 58.0 .86 560
.1016 .970 29.3 20.3 T7.83 6.63 22,1 55.8 57.7 .55 520
.0993 960 29.6 20.5 7.90 6.71 3b.h =--- 42,0 .26 400
.0988 JGh1 29.4 20.6 8.20 6.62 50.6 ——-- 22,7 .09 230
(30) | (11.9)
.1021 .985 29.7 30.9 11.71 6.62 8.3 42,1 48.1 .99 520
.0998 970 29.5 30.7 12.15 6.7 14,5 43.4 4.9 .53 450
L1019 .987 29.7 30.2 11,93 6.63 22,7 k1.9 2,9 .32 420
.1006 .98k 29.8 30.3 12,00 6.64 35.3 m--- 31.4 015 310
.1011 979 29.4 30.3 11.91 6.77 51.6 -o-- 19.2 .06 180
(40) (15.9)
L1042 1.012 29.7 39.0 15.40 6.75 8.3 37.0 40.3 STh 455
.1033 .980 29.2 39.8 15.64 6.57 b4 3L.4 37.h4 40 400
.1052 1.001 29.2 38.9 15.43 6.33 22,7 == 32.6 .22 330
1050 | 1.010 29.5 39.0 15.41 6.41 35.2 === 24,0 .10 230
1043 1,001 29.1 39.1 15.40 6.56 46.9 ---- 16.7 .06 180
(40) (12) (4.7)
.0980 .963 39.6 12.5 4.83 6.70 6.8 33.3 52.3 2,00 856
,0989 .953 39.2 12.5 4.92 6.80 12.3 31.4 51.6 1.08 684
L0984 951 39.7 12.6 4.81 6.81 19.6 33.4 9.4 .65 570
.0991 .957 39.6 12.4 5.00 6.82 30.5 32.6 43,2 .37 469
.0987 .962 39.8 12,5 4.81 6.84 4h.5 - 25.7 .15 2k0
(20) (7.9)
.1017 .981 39.3 20.2 7.91 6.65 7.8 33.8 3.0 1.24 598
«0995 .963 39.3 20.6 8.10 6.90 13.6 32,5 51.6 .66 6LL
.1013 981 39.4 20.2 7.95 6.69 21.4 34.5 18.2 41 5l
0999 966 39.2 20.4 T-94 6.87 33.2 33.0 40.3 .22 406
.0989 952 38.9 20.7 8.00 6.70 48.7 -=-- 25.7 .10 230
(30) | (11.9)
.1007 .979 39.3 30.3 12.00 6.71 8.2 .32.4 42.3 .76 513
.1010 .981 39.8 30.4 11.98 6.67 4.2 30.8 Loy o4l 448
.1013 .984 39.7 30.3 11.79 6.86 22.4 32.8 39.3 .26 437
.1007 .969 39.2 30.3 12,17 6.84 3.7 30.7 32.7 Wb 285
.1014 .992 39.6 30.1 11.82 6.63 51.2 === 20.9 .06 200
(40) (15.9)
.1050 1.020 39.8 39.2 15.46 6.52 8.2 25.8 35.6 .55 520
105k 1.010 39.3 38.7 15.45 6.48 14.5 24,7 33.2 .29 428
.1067 1.011 39.0 38.3 15.23 6.29 22.7 25.6 31.6 17 408
.1065 1.036 39.6 38.5 15.37 6.41 34.9 23.5 26.6 .10 218
.1040 1.00% 39.2 39.2 15.41 6.50 46.8 s~ 19.5 .05 200

:Nomina.l proportions are given in parentheses. W’
Lengths are for actual test specimens for which c¢ & 3.75.




1L ‘ NACA TN No. 1829 .

(N
(,’\
4
>
T

re0947 | |
8, 4,=0/02
r=094 1

Figure [— Cross section of flest specimens.
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Figure 2.- Panel after failure.



17

1829

NACA TN No.

i fi-r.%u ,
T ax<anryx - EMERY

Q@@Q0,0 3 »J

’Q @.AV’O.A, 21 Cra I

OO O00C

¢

O €60 ¢

Flgure 3.— End—fixity test.




NACA TN No. 1829

19

80 [ TrT T1 .l T TTTT TTTT LI TTTT TTVET TTTT TTTT TTTT TTTT T l_

o o o) E

C - /,mr”' ]

N e |

A / r— A ]

-/ , /;-,. i

: ¥ % / °o /2 .

40} j o 20 ]

- / o 30 ]

: J v 40 _..__:

zo:/ :

;_ Z—s=/5 20 g

OL-I/.IOII- | 1111 Lt 1111 1111 | | 1111 1111 111 { I W | [

80~| TTT TTTT T TTTT TTTT TTTT TT71T TTTT | T TTT LI rird |_

é //———O é

60 e ‘ — ]

- : N ]

T o :

N / ‘vv;,v R

,- f C// e ) ]

25 30 40 S 4

0 ;L L1l L1t L1 11 L i1l Li 11 Lt 1] [ | Li Ll LAl 1 L1t I 111 | [ I:
A% B e

LA’

Figure 4.— Compressive strength of 75S-T6 aluminum-alloy flat panels

b/
with extruded Z-section stiffeners; ~*=040.
s




20 NACA TN No. 1829

80_ TTT L [ L LI L) TTTT TTTT TTTT LILILEL T T TT TTT1T1 LI llil_
N A B0y O .
sof 7 7 f
" / ){ f_i_v_ ]
- o 7, ]
- o™ #/ o 12 1
204~ m 20 ]
o 30 .
v 40 ____]
2o .
— %5 20 .
5 .
0—1 111 IJ J S | I | Ll 1111 | | 1111 | | Pt i1 LE L) i1 11 J
a;, ksi L0

f 80_I T 1T LR L TTTT TTTT TTTT L SR TTTT T PP A TTTT TT 1T TTTT1 |||l_
- o .
60F ”’f .
- // L i
- [/ Vo o ]
C | F 1 AP %/ ]
[ _ /. o] ]
40K - 1
] | }’7 A :
20F G .
25 30 A
- T
0 L1 11 L1 1l L1114 L1111 L1 11 L1 1 L1 1.1 | | Lt L1111 L.l /|

~/[0 ,

i, ksi
LA

Figure 5-Compressive strength of 755-T6 aluminum-alloy flat panels

A
with extruded Z-section stiffeners; —,‘-"—=a63
s




NACA TN No. 1829 21

80~llll LI LB TrTT1TT LI B TTTT TTT7 LS L LELER L T TTT TTTT TTT A
B |0 O : ]
= / / -
- f,//D ?/7 .

60F .
X i( i/ bw ]
: &/) 2 o /2 .

401+ D20 7
f o 30 ]
- v 40 __ 7

20% 'g .
L5 : ]
[— 2.5 20 ’
- s .

0_ L1l Ll bt | | 1111 | | 111 111 L1 1t | | 1 111 11 1} IIII-
&; , ksi /0]

80 mFTT LI TT T T TTT TTrTT TTTT TTTT TTTT TTTT T TTT TTT1T llll_
7 L 7 ]

40j'// !%; :

2 ‘g :

K j 5
25 30 40
N | y

0 L1 11 Lt J1 Ll.1l.1 1 1 41 | Lttt i 1.t L1 11 L1 11 1 1 I 1 1.l 11 L1 11
104 P

L/_JE’kSI

Figure 6.— Compressive strength of 75S5-T6 aluminum-alloy flat panels

1,
with extruded Z-section stiffeners; ,—”’=/00.
s



.638T °"ON NI VOVN

*Off 03 GT wmoaJ

SoTJdBA SS8WYOTYZ UTYS 09 Jurowds IoucJJ[1E JO OT3BI

SU3 PUB Q'T O3 #{°Q WOJIJ SOTJIBA [BIJIS1WEH UIye ayj3

03 TBTJIeIBU I8USJIJITIS OUF JO S86w{OTY3} oY} JO OFABI

SUT UYOTUM UT sToued UYITA POUISOUOD ST uo19831380AUT

8y} Jo 3asd STYL, °SJISUSIJITIS UOT]008~7 pepnagxe

TeuTPnyT8uoT Y3ta sToued 4eld LOTTB~UMUTIMTE 9I~8S.L

Jo yzdusags earsseadwoo eyq JoO UOTJBITJISOAUT UB JO
JIed ® J0J pejuesead ear sqTNSeI Tejusmixadxe oyf,

yoBIIBqY

*Uff 03 T woag

§6TJBA SEOWNOTYZ UTYS 04 Juloeds JoUsSIITAS JO OT1BI

SU3 PUB O°T O3 #°0Q WOIJ SOTIBA TBIJIOIBW ULYS oYl

03 TBTIe38W JSUSJJITIS SUY3 JO SS8WOTU3 oYl JO OL1BJ

SY3 YOTUs Ul sTeusd YJ[M POWLISOUOD ST UOT9BITIS0AUT

oU3 JOo jaed STUYL °*SJISUSJITIS UOFR008—7 pepnaIixe

TeuTPn3TuoT y3pu stewed 9Ty LOTTEe~umuTumTe 9I—SGL

Jo yjdusaajs ealsseadwos eyl Jo UOF3BI[180AUT UB JO
1ed B J0J pejuesead eaw S3TNSOX Tejuswiaadxe oy

yoBIISqQY




