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ALlJ'rID'1UM -AIJ.,OY STIFFENEHS 

By Norris F . Dow, William A. Riclcl)1an , 
and Ho-ward. L . McCracken 

Sm,1W.I:Y 

Comparisons are mac1.e of 2~.s -T alumimun-alloy flat compression . . . 
panels havins lonG:!. tudinal Z-section stiffen~rs anO. paJ.1els having flat FS-l}l magnesium-alloy sheet aJ.le. 10n3itudinal 24s-T aluminum­alloy Z-section sti ffenel's . These compar isons shO\'T that the . composite magnesium-alloy, all1LD.n1lil1-\illoy panels have the higher structural efficiencJ.es and bucklin€:; loads . i f the stiffeners are widely spaced . If the stiffenel's are,. closely sl)acecl or if t.he panels have ideal pro:;?ortions, the comparisons shmT that the structural efficiencies are very near ly the same· except in a small range of loading conditions 'in which the 24S -T aluminlun-alloy ?anels he.ve sUGhtl y hiC',her structu:cal efficiencies . The compm:isons a l s o show tha t the use of tile cO~Josite magnesium-alloy, aluminum-alloy construction :permi ts ,.,ider stiffener spacing \·Ti th 11 ttle or no loss in either structura l efficiency or stress for local bu.clding. 

INTRODUCTION 

A compayison of the properties of ma@1esium-alloy and 'aluminum­alloy material , such as the one' ma(le in refe:rence 1, indicates that if a stl"1).ctu:ce would buckle at a 10'1'1 com.pressive load i.,hen me.de of aluminum alloy, it \vould buckle at a higher load .. if made of magnesium a lloy of the sal'Jle vTe i 5ht " because of the greater bu~k of the ma271esium alloy . In general,. it is to be expected., therefore, that replaCing the allUllinum-alloy sheet on alurnimun-allo~r-sheet stiff­enel" panels , "Thich have i'Ti(ie stirf'ener spa cings (h,ence low buckling loads), vIi th rn;3{~1eshun -alloy sheet of eg.u.a l weight will increase the loacl at ,'lhich the sheet buckles. A construction of this type J having maf,.Clesi u.m -a lloy sheet end alumi nu.m.-alloy stiffene}~s, is herein referred to as tI:tvlg -Altl con·s-cI'uction . 



2 NACA TN No . 1274 

The effect of r eplacing alUJll..i.nu..rn.-allOy sheet with magnesium­
allj!lY sheet of the same "reiGh t on the maximum comprGssi ve str ength 
of a panel 1.il1 depend upon the :pro"901~tions of the panel. If the 
proportions are such that f ailure cccurs by column bending at a 
stress within the elastic range and. bef~e any l ooal buckling takes 
place , l i ttle difference in strengtil between the aluminum -alloy 
panel and the e quivalent Mg -Al panel is to be expected . The 
i ncreased bul le of the magnesium-alloy sheet offsets its l ewer mndulus , 
so that the over -all bending stiffness and , therefor e, the long ­
column strength of the Mg -Al panel is about the same a s that for the 
equivalent aluminum -alloy panel . 

As the proporti ns are ohanged so that f a ilure is accompanied 
bJT l ocal buckl ing cr pla stic flm., of the material, or a ccmbination 
of these phenomena , it bec tlmes mere and more difficult to predict 
accura tely the strength of ~lg "A.l construction wi thout the aiel of 
experimental data . In order to ?r~vide such data , compressive 
tests 1.er e Il1I3.de ~n Mg -Al :panels in the Langley structures research 
labora tory . The panels tested ,.,ere ~ssent.ially replica s 0;1:' some of 
t he 243 ~1: alvrunum-alloy panels f'\f refer'enee 2 , on Hhich the design 
charts of reference 3 are ba sed , except t ha t the 248 -T sheet vras 
replaced by F8 -lH macnesium-a lloy sheet of the same weigh t . The 
stiffeners ·1·1ere formed of 243 .. '1' l3,lurnimun alloy and were of Z -sections 
of the same basic pI'oporticns as those for which the design charts 
$f reference 3 ··~TGre dravTn . 

c 

8Y11BOIS 

compr essi va load per inch ~f panel width , kips per inch 

fixity coeffic ient used in Euler column formula 

cross-sectional area per inch of width of a 248 -T 
almatnum-all?y panel, inches 

I I equi va l ent area" per inch of "lid th of Mg -Al panel , inches 
E<luivalent area i s e qual t o Cl"oss-sectional area of a 
248 -T panel of same welgh·~ pel' un:t t ler:.gth a El Mg -Al panel . 

averaee stress a t failing load , ksi 

"eql i valent average stress at failing load" for a 
Mg~Al panel, or failing load on a ~~ -Al panel divided by 
equ.ivalent area 9f Hg -AI panel , ksi 
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tseq 

1., 

d 

p 

thickness of 24S-T alundnum-alloy sheet of same weight 
as magnesium-alloy sheet in question, inches 

compressive yield stress for material, ksi 

uni t shortening at failing load_ 

stress for local buckling, lesi 

"equivalent stress" for local buckling, ksi 

weigh t of material, pounds per cubic inch 

width of outstanding fJ~nge of stiffener, inches 

width of outstanding flange of stiffener after adjustment 
has been made to give panel desired cross -sectional 
aroa, inches 

stiffener spacing of 24s-T panel equivalent 
bSad tw 

b = --j for -- = 
S 1.05 +_ 

Oeq 
0.79 and inches; 

t~l 
f or 1.00 

stiffener spacing of the Mg -Al panel, inches 

sheet thickness, inches 

wid t h of ,veb of stiffener, inches 

thickness of web of stiffener, inches 

vTid th of a ttachmen t flange, inches 

bend radius for attachment flange, inches 

bend r adi us for outstanding flange, inches 

rivet diameter, inches 

rivet pitch, inches 

to Mg-Al panel, 
bSadj 

bS =--
1-06 
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' 1 l ength of panel, inches 

W ,.,idth of panel, inches 

TEST SPECIMENS 

Dimensions.- The dimension ratios for the Mg-Al specimens, 
and the corresponding dimension ratios for the 24s"T aluminum­
alloy specimens of references 2 and. 3, with "rhich the Mg -Al panels 
are to be compared , are Biven in table 1 . A tYJ>ical Mg-Al panel 
is shown as figlu~e 1 and the panel cross section is Shovffi as 
fisure 2 . Tb,e Mg -Al 11anels "rere Il13.cle by replacing the 24s -T altuninum ­
alloy sheet of some of the -oanele of l~e:£'erences 2 ancl 3 vTi th FS -liT 
magnesiw.a.-alloy, sheet of the smne 'VTeight . 'l'here were some differ-

, ' . ences betw'een the Mg-Al panels and the corresponding 248 -T panels. 
'l'hese differences were as follow's : 

I I I I 

Ivlg -Al 24S -T I Mg -Al 24S-T 
( references I ( references 

2 and 3) 2 and 3) 

ISheet tlliclmess, ts , in. 0 .102 0 .064 I 0.128 0.081 ! 

--
I (2 .38 - - - 2.98 - - -

i 
Stiffener spa cing , bSadj ' in.1 f .4O - - - i 4.25 - - -

i 
5.10 - - -

I 
6.37 - - -

f - - 2.24 - - - 2.84 
I Stiffener spacing , bS ' in. \ - - - 3.20 I --- - 4.05 
I 

l- - - 4.80 I - - - 6.07 

Width of a.ttachment flange, 
bA, in. .61 .52 i .61 .60 

I 
Bend radius , r A, in. .192 .192 

I 
.192 .192 

Bend radius , ~, in. .192 .256 .192 .256 I 
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The most striking di fference is i n the sti ffener spacings. 
The stiffener spaci ngs fo~ ~1e Me -Al panels were increased slightl y 
over the corl'8sponding spae-ings f or the 2L:S -T panel s in order t o 
make ~1e area per i nch of wi el- t.h of the Mg -Al p8J.1el such that the 
weight of the Mg -Al panel f or a given wi clth "Toul d be equal t o t hat 
f or the 24S-T panel . The increases i n stiffensr spacings were made 
because tJle thiclmess of llJagnesimn-al l oy shee t requi :i.'ed t o give 
' .]'eights equival ent t o the a l ulllinum-alloy sheet being repl aced a.i d 
not c OTrespond exactly t o ~1e thi cknesses availabl e . The magnitude 

.. ofthese inCj.'ea3e s in stiffener spa cings iv-eTe approximatel y 6 percent 
f a y the 0 .102 - inch - thick magnes:Lum -al l oy sheet and 5 percent f or the 
O.128-inch - thiclc magnes i um-alloy sheet . 

Rive t i.rlli .- The rivets used f or the Me -Al panel s were ordi nary 
A 17S -T fla t -heai rivets (AN442..'I.D ) instead. of the NACA flush rive ts 
used on the 248 -T aluminum-alloy panels of references 2 ancl 3 . The 
ri vet diameters and pitches used aye as f oll ows : 

----
Mg -A.l 

.. 

I 2 i+S -T Mg -Al 24S -T 
( refe:'ences 2 and 3 ) ( references 2 and 3) 

---
t s ' in . 0 . 102 , 0 .064 0 .128 0 .081 
---
d , in . 5/32 1/8 3/16 5/32 
-- .- .-
p, in . 1/2 3/4 5/8 1 

The rivet diameters ancl pi tches used on the Mg -Al panel s 
,.,ere selected. in an effort to a1)proach tJ1e " p otenti al streng~1s1t 
of the panels , that is , the stren gths that the panels would develop 
j.f the riveting w'ere strong enough so that further increas es in 
the strength of riveting would procluce no increase in panel s t rengths . 

In order t o establish the f a ct that the difference s in r i veti n g 
did. not r educe the accuracy of t.he comparison of t he Mg -Al panel s 
and the 2ltS -T panels , a few' aO.cii tional 248 -T specimens 1-Tere a l s o 
tested . These specimens had. 3/l6 -inch -dia.meter r i vets at 9/16-inch 
pitch . This cOIJlbination of r ive t ct.iameter and pi tch produced the 
st:rongest panels of all those presented in a paper on the eff ects 
of riveting on panel strewth . (See reference 4 .) 

MB.terial 'propertie s . - Maximum, minimum, ana. average va lues of 
the c ompressive yield stress for the material s used are as f ollows : 
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Compressive yield str-ess, \ Mg-Al '24s -T 
(frem 

C1 cy reference ~) 

( ksi) FS-lR 21;8 -T 24B--T 
sheet stiffeners sheet or 

stiffeners 

Maximum 28.0 46·3 46·5 

Average 26·5 43·6 44.0 

Minimum 25·5 42.0 41.0 

.. --

The values given for the 24s -T material are representative 
of the properties of the flat sheet bef,?re forming . For the 
effects of fOl'IDing on · the properties, see reference 5. 

I>1ETROD OF TESTING 

Tho panels ·Here tes ted flat-ended, vi thou t side support, 
in a h ydraulic teoting machine having an a ccuracy of one-half of 
1 percent of the load. The· panels, the ends of which had been 
ground flat and parallel , weye carefully alined in the testing 
machine so as to insure a uniform clistri bution of the load over 
the specimen . . 

The stress for local b·J.ckling .TaS determined by the so-called 
It strain -reversalll met:hod in which the. stress for local buckling 
corresponds . to the stress at which the compressive strain on one 
side of tho sheet begins to be reduced .'i th increasing load. (For 
a comparison of this method wi th other methods and with theoretical 
predictions, see reference 6.) 

The unit shortening at maximum. load was taken as tllo· average 

of the strains measured by four 6h-inch gage length resistance-
2 

type wire strain gages . These gages were mounted at the quarter 
point along the .length of the panel on both sid.es of the webs of 
the second and fifth stiffeners. (See fig . 1.) The over -all . 
shortening of the panel we s measured .ri th dial gages as a check on 
this measurement of unit sh0I·tening. 

J 
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RESULTS 

·The results are presented on the same type of plot used for 
the design charts of reference 3 in which Of' the average stress 

Pi 
at failing load, is plotted against --, the ratio of intensity 

LIVe 

7 

of loading to effective length of panel. The advantage of this type 

Pi ' 
of plot is that -- expresses the design conditions, whereas iff 

LIVe 
is a measure of the structural efficiency. Since af is load 
divided by cross-sectional area, the higher Of for a give~ load 
per i~ch Pi' the smaller the cross-sectional area and weight of 
the panel. 

In order to be able,to compare directly the structural 
efficiency of Mg-Al constl~ction with that of 24s-T construction, 
an "equivalent stress" af was computed for the, Mg-Al panels eq . 
by dividing the load carried on the Mg-Al panel by the orOS8-
sectional area of a 24s-T panel of the same weight. It is this 
value or' , a that is plotted against the design parameter 

feq 
..:.L. in figure 3 for the Mg -Al panels. Also plotted in figure 3 

f.r:-­L, vc 
for comparison are the values of af for the strongly riveted 
24s -T panels pr'eviously mentioned and tested as a part of the 
present investigation. 

From the data presented in fi~lre 3 for Mg-Al panels, a set 
of des:l.gn charts (figs. 4 and 5) were prepared. The solid 
curves plotted in figure 3 were taken from these design charts. 
The dashed curves for 24s-T panels, also, shown in f'igur~ 3 for 
comparison, were taken from the design charts for 24s-T panels 
of reference 3. Because figure 3 indicates that there is fairly 
good agreement betvTeen the test data, for the strongly ri-veted 
24s-T panels and the dashed curves takep from reference 3, direct 
comparisons between the Mg~Al panels and the 24s-T panels of 
reference 3, neglecting differences in riveting, should be reason­
ably reliable. 

Numerical values of the test results; including values of 
unit shortening at maximum load for the Mg-Al and the strongly 
riveted 24S-T specimens of the prcsent investigation, are given 
in table 1. All test results have been adjusted in a manner similar 
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to that used f or the resul ts of references 2 and. 3 t o take into 
acc ount the fact tha t the panGls had six stiffeners but only five 
wid tilS of sheet between stiffeners . The end -fin ty coefficient c 
in t.'he t ests ,vas a ssumed to be 3.75 , the same val ue assumed. for the 
243 -T panel s in r eferences 2 and 3 . 

CO!I1PARISON OF MG-AL AND 248 -T pANELS 

A number of possible comparisons can be made be~veen Mg-Al 
aJ,1d. 248 -T construction. In tJ1e f ollowing paragraphs we structural 
efficiencies of the ~vo types of construction a re C0ID1)areO_ in three 
diffe rent ways - direct comparison of test panels , comparison on 
the bB:sis of ldeal proportions , anct comparison of specific mini mum. 
"eight desigls - and i t '\V'ill be seen that none of these oomparisons 
8hm, a cons istent , substantial ac .... vantage of one type over the other . 
A f ourth , ,somewhat di-fferent compa:dson, is gi ven in the section 
'enti"t lect "fq}plication of Me -Al Construction t o lvIake \{ider Stiffener 
Spacings 'Feasible f or Smooth v.Tinc;s ." 

Panel s having the pro·porti ons tested . - Slnce we e quivalent _ F ... ~ _ ______ _ 

stress CYfe q f o:i.' the !JIg-Al panel s I'Ta s definecl in such a '!:ray as to 

be directly comparable "li th 'Of for the corresponding 24s -T panels , 
fi sku;e '3 sho'\vs a direct compa r ison of the st::c'uctural efficiencies 
of the"Mg -Al panels -c.es t ed and the corresponr.i ng 24s -T panels f or 

u ~ 

. d ' d ' t · .... i At f - i f h ' h a g~ ven es~gn con ~ ~on ---. lo,'r, values 0 --j or w ~c 
. , L/vc- LNc , 

failure occurred 'principally by colu:ari1. bendi ng , the curves of 
fi gu-re 3 indicate that w ere was little or no difference betvTeen 
the !lIg -Al panels and we ,' corresponding 248 -'r panels, excep t when 

I., I/~ __ the 2't1-S -T panels buckled appreciabl? before fai lure 75, 

~ ~ ~eq _T = 40 , in ,vh ich case tJ1e Hg-Al panel s had the higher structural 
tvl Pi 
efficiencies . A t intermediate and hi g.'h values of --, the C1..u'ves 

L/{e 
of fi gure 3 indica te wat the Mg-Al panels had we higher 

.' b \ 
( _ S_ = 35 , 

~eq ) 

efficiencies , except fOl' the clos e stiffener s_ acings 

at intermediate val ues of 

J 
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The short horizontal lines representing the buckling stresses 
m figure 3 show that, as W8,S expected, tile Mg -Al pa.nels tested 
had higher equivalent tuckling stresses than the corresponding 

24s-T panels at the .Ti·do stiffener spacings ('tbS 
= 50 or 75). 

,Seq 
Panels having ideal proportions.~ In order to compare Mg-Al 

and 248 -'1; !Janels of ideal proportions, use is mad.e of the design 
charts of fi gur es 4 and 5 for Mg-Al panels and the design charts 

9 

of rere-r ence 3 for 248-T panels. These design charts, which repre­
sent an elabora t e cross-pl otting of test. data, provide information 
regarding t he s tructural efr"iciency of Mg -Al and 24s-T panels of 
a wide r aage of -pr o"l) ortions. By fairing envelope curves over all 
the i ndlvi dual curves of t he design charts for the Mg-Al panels, 

Pi 
a plot of IJ against --- can be obtained that represents 

f eq LIVe: 
a ser ies of panels, each of whj.ch has the ideal proportions the. t 
give the maximum structural efficiency for its par ticular value 

Pi 
of Envelope cur ves Qf this type , for both Mg -Al and 248-T 

L/vc 
panels, are presented in fi gure 6. For no value of 

Pi ___ ... are the 
L/Vc 

envelope curves for t he Mg·Al panels in figure 6 above the envelope 
curves for tho 248-T panels. 

At fi r st gl ance t here appears to be a cont radiction between the 
comparj8on of Mg -Al and 24s -T panel s of ideal propor t i ons, and the 
previous compari s cn of such panels havj.ng tho pr oporti ons actually 
tested. Closer ins!Ject ion of the curves of fl gure 6, however, 
reveals tha t t her e i s litt le or no differ ence betwaen the envelope 
curves for t he IYIg -Al panels and for the 24s _'I' panels except for a 

Pi 
small r ange of values of It mi@lt be t hought, therefore, that 

L/{e' 
the apparent cont rao.iction between t he two methods of comparison was 
caused by sligh t dif ferences in f airing the cur ves of the design 
charts. 

It is pOSSible, however, that a 24s-T panel of ideal proFpr-

tiona for a given value of 
P . . ~ 

Li fe 
is generally more efficient 

structurally than the ideal Ng-Al panel for the same value of -. 
L/VC 
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It was shown in fig~re 3 that at the close stiffener spacings 

~, bS = 35~ there was a range of v·Cl.lues of ~ for which the 
" L/re SeC! . r 

curves from the 24s-T design charta indicated higher structural 
efficiencies than the curves from the Mg-Al design charts. 
Comparison cf the cur ves of figures 3 and 6 rev0als that it is 
in this region of close stiffener s~acings that the curves of 
figure 3 most nearly approach the envelope curves for the 24s-T 
panels. It appears p08si.ble, moreover, that there are other cl080 

bS 
stiffener spacings thful ~,- = 35 for which 24s -T panels have 

t Seq 
a range of hlgher structt:J,"al efft ciencles than Mg-Al panels. It 
is' ,also possible that at these closo stiffener spacings the ideal 
proportions ar e achieved, . ' Ideally proportioned panels, as was 
pointed 'out in reference 3, generally ha.ve close stiffener spacings. 

~ane18 having the B!2..l?9r:tions required for 8PEJ~ific minimum 
weiBht d8sipns. - Because of certain restrictions, such as the 
fact that sheet material is available :!.n only a limi ted number of 
thic, 'messes, it is sel<'l.om possible to achieve the ideal proportions 
in an actual dea:i.gn . Consequently, comparisons of panels having 
the proportions required by· specif:ic designs are usually of greater 
significance than comparisons of panels having ideal proportions. 

In order to ccmpare Mg-Al and 24s-T panels having the propor­
tions required for specific minimum weight deSigns, the charts 
of figures 4 and 5 and the procedure of the appendix were usod to 
make comparative deaig.ls of Mg -Al panels for all three lengths 
(L = 10 in., 20 in., and 30 in.) covered by the sample 248 -T designs 
of reference 3· Because there are Mg -Al, panel design charts for 
only tlw values of the ratio of sheet thickness to stiffener thick-

ness ~ tw ~ = 0.79 and 1.00\ the compara ti ve designs were restricted ' 
~Seq ) 

to only those values of the th:lckness ratio. The remaining design 
requirement s ,.,ere the same as those used in reference 3, namely; 

Pi = 3.0 kips/inch 

t~eq = 0.064 inch 

c = 1 
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~ 

These comparative designs are presented in figul'e 7, together 
With the corresponding 24s-T de oi @ls fram reference 3. 

tw 
For both values of ~,and for all three lengths, figure 7 

eq 
shows that the Mg-Al panel designs have 'wider stiffener spacings 
than 'bb,e 2!JBMT panel cLesigns . Despite their wider stiffener spacings, 
the Mg"Al panel s .. have hi15he1' equi valent buckling stresses than the 
24s-T panels , a s shown by the bar gr aphs in figure 7, except for 
one case in iv-hich the stiffener spacing 1vas the closest of any 
of these compar ative designs , and in this case the buckling st~esses 
",ere essentiaJ~y tJlC same. The bar g-.caphs also show that the Mg-Al 
panels are slightly lighter in 1veigll'c ( tha t is, carry a higher 
e quivalent stress of at the design load ) t.han the 24s-rr panels, 

eq 
except for tile desi ~1. havi ng the closest stiffener spacing, in 
which CRse the weights "Tere 8,lso essentially the same. 

, The compa:cative designs in figure 7 show that the Mg-Al panels 
vary "i'i'i th tile specific design requirements from 4,.8 percent lIghter 
to 2.2 percent heavier than the 24S-T panels. If i t is desired to 
lmow whethe:r a Hg-l\.l or a 21.}S -T panel "riJ.l be the lighter for a 
giv~n , applic<;l,ti6n, comparative minimum. weight designs ,of both Mg-Al 
and 24s -T panels should therefore be made from' their r espective 
design charts to meet the gj,ven requirements . 

APPLICATION OF MG"AL CONSTRUCTION TO 

MAKE WI DE STlli'FENER SPACINGS FEASIBLE 

FOR SMOOTH WINGS 

The f oregoing discussion i ndica tes no conSistent, substantial 
differ ence in s t ructure,l efficiency betvleen 24S-'r and Mg-Al construc­
tion. Because Mg -Al panel s have gener ally higher buckling stresses, 
hOI-lever, it 8eems likely that they vTo'Llld provide smooth surfaces 
up t o high load. f actors at '¥rider stiffener spacings than 1fOuld. ' 
24S-T panels . In reference 3, it :was pointed out that p8J."1.els deSigned 
for maximum struc t ura.l efficiency hEl,'ve ' buckling loads qui te close to 
the maxiruum load , but that such panels would require rather close 
stiffener spacings ( thus also a l ax'ge number of rivets ). Experience 
in the use of the deSign charts of reference 3 indicates that ,v-ider 
spacings can be used "lith relatively small l osses in structural 
effic iency but r esult in a substanti a l decreaoe of the buckling stress. 
If Mg-Al construction were substituted for 24s -T, tile buckling s tress 
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.cOuld presumably be r a i sed to a. reasonable ·value and the wider 
spacing could bfJ ma:Lntained with 'li ttle · or ', no 10s8es in struotural 
efficiency. 

In order to show how Mg~Al construction permits wider stiffener 
spactng , f-i,gu.re 8 ifasprepared. In thif? :figure the . va lues 8f 
of .:.\~r · ~f~q) . ,a~d .. C1 ,;1"," \,1' C1 creq) ,for the .comparative ,.~~signs 

. .,of ,·:fi8u:re 7 ar~ pl,ottep. against the stiffoner spacing bS" It 1s 
'. evident, ::f!om the fi.gure tha t the Mg·Al de.signs allo'vapprec1ably 

wi<ie~ stiffener spacings ,than the 21.j.S-T deSigns wi t.11 li ttla or no 
10ss.6s in either bl.lqIding stresses or average stresses at· maximum 

. load. 

CONCLUSIONS . 

·Compari.sons of 24s -T aluminum-alloy flat cotnpression panels 
.. " . ' h~.v1ng 10ng1 tudlnal Z -sec t i on stiffeners and panel s h~w:l.ngfla t 

'. FS-m. magnesiu.m.-alloy shoet e.nd long1 tudinal '24S-T aluminum .. alloy 
Z-secti.on stiffeners shOived that : 

" • I' 

. (1) If the stiffeners ivel"e widel y ' spaced~ · the composite 
magnesium-alloy, aluminum-alley panels had ·tJi.e higher structural 
efficiencies and buckJJ.ng loads. 

( 2 ) If the stiffeners were c'losely spaced or if the panels 
had ideal proportions the str u.ctural efficiencies were very nearly 
the same, except in a sma.ll range of loading conditions for which 
the 211-8.JI' panels had slightly higher structural efficienc1e-e. 

(3) A cons i d.erat10n of the characteristics of the Mg .. Al 
construction indicated that it co~ld be used to permit considerably 

. ivider. stiffener spac:tngs than 2)·1-8 -T aluminum-alloy construction 
, ",1 th little or no loss in either structu.ral efficiency' or stress 
for local buckling . 

Langley Memorial Aeronautical Lab ora tory, 
. 'National Advisory COIllIni ttee for Aeronautics, 

:" ':"'~ '. ' "Langl ey Field, Va., January 20 , 1947 . 
"i'.: ' , :'. 
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APPENDIX 

The procedu.re used for making the sample designs presented 
in figure 7 is taken from referenc.e 3, except that changes. and 
additions have been made to take into accolmt the difference in 
density of the Mg -Al construction . This procedure is as follows: 

(The values for L = 20 and t = 0.79 are given in table 2 and 
Seq 

are referenced to the steps in the following procedure.) 
P . 

(1) Compute 1 

(2) From the curves for a particular value of t 
Seq 

( in the 

example, fig . 4 f or 
tw 
-- = 0·79 
t.S 

is used) pick off for each value 

bw eq 
of - and 

tw 
the value of corresponding to the value 

of 

( 3) Pick from table 3 or 4 the values of corresponding 

to the ratios used in step (2). 

(4) Compute 

Pi 
ts = . 

A. eq 
(j "":eq 

feq t Soq 

( 5 ) Plot tseq 
and (J 

fe q 

bs 
against tseq 

for oach value 

bw tvr bw 
of and 'Plot the particular value of at the value 

tw t tw Seq 

of 
bS 

for which tSeq t 
equals the specified value, and mark the 

Seq 



NACA TN No . 1274 

value of stress at that value of 

(6) After step (5) has been completed for all the values of 
bw bS 

against threugh the 
tw tSe~ 

bw --, araw curves of stress and of tw o 

points determined in step (5)· 

(7) Each of the curves dra"m in step (6) represents a series 
of designs, all of which have the r e quired value of ts (in 

eq 
this case 0.064 in.). 

indicates the design 

The maximum point on the curve of of eq 
for maximum structural efficiency for the 

tw 
particu~ar value of r-' Note this maximum value of 

Se q 
vt.lue of at which it is r eached, and the value of 

can 00 picked frcm the curve of against 
hS 
--. 
tseq 

the 

which 

( 8) Make an approximate check of computations by picking from 
Ai 

table 3 or 4 t he value of t ,eq cor responding to the ratios selected 
Seq 

for maxi~um structural efficiency in step (7). If all computations 
and plot s are correct, 

(9) Compute the panel dimensions, 

t Seq 
ts = - (to nearest sheet gage) 

0.64 
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1:vl 
\i = -t 

ts Seq 
oq 

bS (1.05) for 
tw 

0·79 b = --ts ---
Sadj tseq eq ts 

eq 

or 
bS (1.06) for 

\! 
1.00 b = --t ---

Sadj t Seq t 
Seq Seq 

l\[ 
bW = -tw i:w 

bA 
bA = t;\i 

rA r A 
3 r = -- tw where -- = 

A tv! tw 

rF 1)' 
rF ::: -tw where -- 3 

tw tw 

~ 
~ 

::: -- b Cw W 

Tne values of 1.05 and 1 . 6 given f or cemputing bS are to 
- adj 

take acc unt of the fact that ~he gagas f magnesium-alloy sheet are 
not in e~cA.ctly the same ratio to tl:'Je equival6nt gages of 24s-T aluminum-
alloy sheet as the ratio of densities. 1he value of Ai btained 

eq 
by this methed may vary by 1 or 2 percont fr em the true value; the 
magni tUd.e of the varia ti on depends upon the pr opor t i ons and the 
absolute dimonsions. If the shee t thickness is large enough so that 
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it is determined as a fraction of an inch instead of as a wire gage, 
the actual value of Ai may vary more than 2 percent frc.m the value 

eq 
given by the preceding computation. In any case the best procedure ie 
to check the true value of Ai 

eq 
(10) Check the true valu8 of A. of the design. 

leq 

Ai = o.64ts + [bw + bF + bA - (2 - 2~\1 (rA + r F + tw) ] b
tw 

eq \ / r Sadj 

(11) Compute the value of Ai required to carry the load at 
eq 

the de termined value of (j f as 
eq 

1>i 
A = 

ieq a 
(required) feq 

If the value of Ai determined from step (10) is different 
oq 

from the required value calculated in step (11), an adjustment may be 
made by slight changes in the width of the outstanding flanges of the 
stiffeners. Reforence 3 pointed out that variations in width of the 

~ bF 
outs~~ding flange from -- = 0.3 · to -- = 0 .5 did not affect the 

bw bw 
panel strength. This adjustment is usually unnecessary as the given 
procedure in most cases yields a sufficiently accurate value of Ai • 

eq 
The value of A. 

leq 
given in table 2 is 

determined by the design procedure for t~e case 

0.1019 inch, for example, and the value of Ai eq 
re quired to give a stress of 29.5 ksi at Pi = 3.0 kips/inch is 
0.1017 inch. 

(12) If desired, however, tl10 adjusted value of bF , needed to 
gi~e the exact value of Ai

e 
required, may be computed from the 

following formula : q 
.. ( Ai . - 0 . 64ts) bS \. eq(req'uired) adj 

b:F !idj = tw - bA 
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(13) Obtain acr from the design charts by interpolation 
eq 

for the pro~ortions de termined. 

(14) Repeat steps (2) to (13) lor the other value of "b.·T/ts . eq 
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TABLE 1. - PROPORTIONS OF SPECIMENS AND TEST DA.TA 

Proportioos or 245 -T panels Teet data for Proportions of Ms-Al panels 
245-T me1a 

(n 

~ Ibs L 
Pi 

t".r bS bw br b . d 
~ 

bF bA rF rA d p rF r A - - - acr ar LfFc - - - - " -
ts ts t".r bw t".r t".r t".r ts ts b)/ (kst) (klli) tiPs/1~ ts ts t".r bw t".r t".r tw ts 

(b) in. 

l.OC 35 20 0.4 8.3 4 3 1.95 11.7 ---- ... --- ---- ---- 0_63 23 ·3 20 0.4 9.6 3 3 1.53 
16.0 ---- 36.7 0.418 
28 .0 --- - 33·7 .222 
---- ---- ---- ----

30 ---- ---- ---- ---- 30 
16.1 32.4 33·3 .291 
28.7 ---- 31.6 .163 
--- - ---- ---- ----

40 

50 20 ---- ---- ---- ---- 33·3 20 
15·1 18.8 31.6 .322 
26.3 18.0 29.1 .167 
---- ---- ---- ----

30 ---- ---- ---- ---- 30 
16.3 18.9 29.0 .218 
28 .5 17.8 27 .5 .120 
---- ---- ---- ----

40 

75 20 ---- ---- ---- ---- 50.0 20 
14.3 9.7 25.9 .245 
24.9 8.4 23.8 .128 
--- - ---- --- - ----

30 ---- ---- ---- ---- 30 
15.1 8.0 24.2 .160 
26.6 8.8 22.8 .086 
---- ---- ---- ----

40 

----- -- - ---- - --

~rom references 2 and 3. 
The panel lengths g1 van are those for the actuaJ. tea t 'pecJ.mtltls for which c;;; 3.75 

p 
-
ts 

4.9 

Test c\a t<i for 
Ms-Al po.nels 

L or 
Pi 

'b-eq LfJi - eq 
b)/ (ksi) (ksi) k1PS/i~ 
(b) I' in. 

7.9 ... --- 42.8 1.060 
15.7 ---- 40.5 .492 
21.6 ---- 32.1 .223 
47.2 ---- 20.7 •083 

8.2 ---- 38.3 .719 
16.4 ... --- 35.8 ·335 
28.6 ---- 31.4 .167 
49.1 ---- 21.0 .065 

8.3 21. 5 31.0 .490 
16.5 -- .. - 28.2 .227 
28.9 ---- 23 .1 .108 
49. 5 ---- 17.6 .048 

7.5 34.5 35.9 .805 
15.0 ---- 36•1 ·391 
26.2 ---- 32.6 .202 
44.9 ---- 20·7 .076 

7.9 33·5 34.6 .567 
15.9 ---- 34.1 .273 
27.8 ---- 30 •4 .138 
47.6 ---- 23.9 .064 

8.1 24.0 28.6 .381 
16.2 27.5 28.8 :192 
28.4 .. --- 23·5 .089 
48.7 ---- -19.1 .043 

6.9 18.1 29.3 .619 
13.8 17.0 28.3 .293 
24.2 18.0 26 .6 .158 
41.4 18.5 19.3 .067 

7.5 16.1 28.4 .413 
15.0 17.2 27.1 .193 
26.2 18.8 25.9 .106 
45.0 16.7 19.9 .047 

7.8 17.0 25.7 .296 
15.6 17-4 23·9 .136 
27.3 18.0 21.9 .071 
46.7 ---- I 18.9 .036 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

€r 

5250 X 106 
4780 
3440 
2050 

4690 
3900 
3320 
2010 

3570 
3250 
2330 
1750 

4570 
3740 
3250 
200c 

3930 
3790 
3180 
2290 

3050 
3120 
2440 
1900 

7330 
5500 
3790 
1930 

4340 
3980 
3030 
2050 

----
3640 
2440 
1920 

~ 
() 

> 
r-3 
Z 

~ 
f-> 
I:\:) 

~ 

f-> 
CO 



TAllLE 1. _ PROPORTIONS OF SPECIMENS AND TEST DATA - COQUnued 

Test data for Proport1ons of Ms-Al panels ProportiOQ.B of 245 -T panels 245-T panels 
(a) 

tw bS bW bF bA d L 
P1 

tw bS bw ~ bA r F :& p acr af f:1iFc .:r :a iii( 
ts ts tw bw \r tw tw ts tg (kat) (ka1) ~1f~{4 ts tg tw bw tw tw tw (b) 

0.79 35 20 0.4 9.4 4 3 1 .93 12·3 ---- ---- --- ---- 0.50 23,3 20 0.4 9.6 3 3 
15.1 27 .4 35.7 0.472 
26.8 34 .6 .265 
---- ---- ---- ----

30 ---- ---- ---- ---- 30 
15.1 ---- 32.5 .313 
27 ·9 ---- 31.7 .173 
---- ---- - --- ----

40 

50 20 ---- ---- ---- ---- 33.2 20 
14.0 16.9 29.6 .374 
24.6 19.0 27.2 .l94 
---- ---- ---- ----

30 ---- ---- ---- ---- 30 
15.1 18.6 27.6 . 238 
26.4 20.1 26 .8 .134 
---- ---- ---- ----

40 

75 20 ---- ---- ---- ---- 49.8 20 
12.7 9 .7 24.7 ·313 

22.0 9.1 23.1 .168 
---- ---- ---- ----

30 ---- ---- ---- ---- 30 
14.1 9 .0 23.6 .198 
24 .9 9 .0 21 .6 .102 
---- ---- ---- ----

40 

--

aFrom references 2 and 3. 
bThe panel lensths given ~re thoa8 for the actual test apecimens for wh1ch c ~ 3.75 

d p 
- -
ts ts 

1.46 4.9 

Test data for 
Ms-Al panels 

L ocreq "feq 
P1 

L7Fc \; (kat) (ks1) ~ (b) 1n. 

7. 4 ---- 40.4 1.084 
14.8 ---- 40.0 .528 
25.9 --- - 30 .6 .230 
44.5 ---- ---- ----

7.9 ---- 36 .9 .715 
15.8 33 .5 35.6 .347 
27.6 ---- 30.5 .169 
47.3 ---- 21.7 .070 

8.1 24.3 32 .6 .522 
16.1 22 .0 30.0 .236 
28.2 23 ·2 24.6 .ill 
48.5 ---- 19.1 .050 

6.9 33.0 3~.8 .880 
13.8 33 ·7 3 .1 .448 
24 .1 33.0 34 . 2 . 253 
41. 2 ---- 20.8 .090 

7.5 32 .0 33 .6 .599 
15.0 32.3 32.4 .295 
26 .2 30.0 30 .2 .152 
44.8 ---- 22.0 .064 

7 .8 24 .5 28.3 .1015 
15.5 24 .5 29 .1 .205 
27.2 ---- 24.1 .097 
46.6 --- - 20 . 5 .048 

6 .2 ~~? 29 .6 .902 
12.4 26 .4 .339 

.5 25.3 ·337 
21 .6 16.5 26 .0 .192 
37 .1 16.7 18. 2 .078 

6.9 17.5 27.2 .476 
13·7 14.5 26 .8 .231 
24 .0 16.5 25.4 .123 
41.1 15.5 18.6 .053 

7.3 13.0 24 . 2 ·312 
14.5 17.5 24 .1 .155 
25.4 17.5 23.2 .086 
43.5 17.8 19.3 .041 

NATIONAL ADVISORY 
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<f 

4860 X 106 
4880 
3160 
----

4250 
3925 
3170 
2140 

3430 
3220 
2460 
2060 

~92O 
020 

3730 
2100 

3680 
3410 
3100 
2205 

2880 
3000 
2480 
2070 

5780 
4410 
5750 
3120 
1870 

4080 
4320 
3310 
1860 

2960 
2940 
2610 
1900 

I 

~ 
o 

~ 
o 
::r> 
~ 
~ 

~ 
I---' 
~ 

~ 
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TABLE 1.- PROPORTIONS OF SPECIMENS AND TEST DATA - Concluded 

Test data for 
Proportions of strongly riveted ~trongly riveted 

24s-T panels 24s-T .panels 

tw bS bw bF bA rF rA 
d p L 

Pi 
of Live - - - - - - -

ts ts tw bW tw tw tw ts ts bw (ksi) ~iPs/i~ 
(a) in. 

1.00 35 20 0.4 9.6 3 3 2.93 8.8 7.7 37.S 0.940 
15.4 37.3 .472 
26.9 34.1 .247 
---- ---- ----

30 8.0 36.1 .675 
16.1 34•8 ·335 
28.0 29.7 .157 
---- ---- ----

40 8.1 29.8 .486 
16.2 27.5 .224 
28.4 23·5 .110 
---- ---- ----

50 20 7·3 34.5 .782 
14.5 33·0 .379 
25.4 28.5 .186 
---- ---- ----

30 7.7 30.5 .497 
15.5 29. 5 .239 
27.1 27.0 .124 
---- ---- ----

40 7.8 26.5 .362 
15.7 25.1 .172 
27.5 23.1 .091 
---- ---- - - --

75 20 6.6 28.1 .588 
13·2 26.3 .278 
23. 2 23.9 .143 
---- ---- ----

30 7.2 26.3 .378 
14.J 25.3 .182 
25.5 23·7 .097 
---- ---- ----

40 7.6 23.2 .267 
15.2 22·3 .128 
26.6 19.8 .065 
---- ---- ----

~he panel lengths given are those for the actual test specimens 
for which c ~ 3.75 

NATIONAL ADVISORY 
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€f 

5800 X 106 
6250 
3580 
----

4380 
3660 
2970 
----

3110 
--- -
2360 
----

6870 
7800 
3410 
----

4360 
4500 
2910 
----

3500 
2690 
2220 
----

7210 
5690 
3610 
----

4470 
4750 
3320 
----

----
3120 
2500 
----

21 

J 



Step 1 Step 2 

Pi 
~ ~ L7J'C tw tSeq 

°feq 

~il~{17 (ksl ) 

0 .15 25 35 28 .4 

40 28.9 

50 29.0 

60 27· 5 

75 24 .9 

30 35 29.4 

40 29. 7 

50 29 .3 
, 60 28.0 

75 25.5 

35 35 28.1 

40 28 .4 

50 28.3 

60 27.0 

75 24.7 

40 40 26 .9 

50 26 .6 

60 25 .5 

75 23 .5 

l _ _ ~ __ 

TABLE 2 . - VALUES AND COMPUTATIONS FOR OBTAIIIING DESIGN OF !o&-AL PANEL 

[
Pi a 3 .0 kips/in.; L - 20 in .; c - 1; 1> = 0.064 in.; ~ a 0.79; discusSion of steps i n apPBndiX] 

eq 1>eq 

I'ltep 3 Step 4 Step 7 Step 8 

~ bS bW afl>q 
Ai eq 

t Seq 
tseq -t- tW tseq 

Pi 
(In. ) Seq (kai) (kips/in.) 

1.738 0.0608 47 27 29 . 5 1.587 3.0 

1.645 .0631 

1.516 .0683 

1.430 .0764 

1.344 .0896 

1.862 .0548 

1.755 .0576 

1.604 .0638 

1. 503 .0712 

1.402 .0839 

1.987 .0537 

1.864 .0567 

1.692 .0626 

1.576 .0705 

1.461 .0831 

1.973 .0565 

1.778 •0635 

1.649 .0713 

1.519 .0840 

--

Step 9 

til 
bSadJ bll bA 

(In.) (In . ) (In . ) (in. ) 

0.051 3 .16 1.378 0 .490 

_ ...... -

Step 10 Step 11 

Ai 
r A = IF br Ai

eq eq(re_ 
(In.) (In.) (In . ) quired) 

(1nJ 

0.153 0.551 0.1019 0.1017 

NATIONAL ADVlSOll,Y 
COMKITTEI! FOR 1lER0NAUTICS 

Step 12 Step 13 

bFadJ O'creq 
(In. ) (ksi) 

0.544 29· 5 

~ 
~ 

~ o 
::x> 
t-3 
~ 

~ 
~ 
~ 

;i 



~ 20 21 22 
bS/ t s 

25 1.858 1.893 1.928 
26 1.825 1.859 1".892 
27 1. 794 1.827 1.859 
28 1.766 1.797 1.828 
29 1. 740 1.770 1.800 
30 1.715 1.744 1.773 

31 1.692 1.720 1.748 
32 1.670 1.698 1.725 
33 1.650 1.676 1.703 
34 1.631 1.657 1.682 
35 1.613 1.638 1.663 

36 1. 596 1.620 1.644 
37 1. 580 1.603 1.627 
38 1. 564 1. 587 1.610 
39 1. 550 1.572 1. 595 
40 1. 536 1. 558 1. 580 

42 1. 511 1. 531 1. 552 
44 1.487 1.507 1. 527 
46 1.466 1.485 1. 504 
48 1.441 1.465 1.483 
50 1.429 1.446 1. 464 

52 1.412 1.429 1.446 
54 1.397 1.413 1. 430 
56 1. 383 1.399 1.414 
58 1. 310 1.385 1.400 
60 1.357 1.372 1.387 

6i5 1.330 1.343 1. 357 
70 1. 306 1.319 1. 331 
75 1. 286 1. 298 1.309 

_1.--___ 

TABLE 3.- VALUES OF Ai/ts FOR FLAT PANELS WI'm Z-eECTION S'I'IP'FE!/tER3 IrAVIm 

br .. 0.4 (FROM REFERENCE 3) FOR tEE AS VALUES OF Ai Its WI'll! 
bw ' eq eq 

23 24 

1.963 1.998 
1.926 1.959 
1.891 1.924 
1.860 1.891 
1.830 1.860 
1.802 1.831 

1.776 1.805 
1.752 1.779 
1.729 1.156 
1.108 1.134 
1.688 1.113 

1.669 1. 693 
1.650 1.674 
1.633 1.656 
1.617 1.640' 
1.602 1.624 

1.573 1. 594 
1.547 1. 567 
1.523 1. 54~ 
1.501 1. 52 
1.481 1.499 

1.463 1. 480 
1.446 1.462 
1.430 1.445 
1.415 1.430 
1.401 1.416 

1.370 1.384 
1.344 1. 356 
1.321 1.333 

IlI!l3IGN CRAR'IS FOR lG-A!.. PANELS IrA VING i .. 0.79 
tseq 

25 26 27 28 29 30 32 34 

2.033 2.068 2 .103 2.138 2.172 2. 207 2.277 2.347 
1.993 2.027 2 .060 2.094 2 .127 2.161 2.228 2. 295 
1.956 1.989 2.021 2.053 2.086 2.118 2.183 2. 247 
1.922 1.953 1.984 2.016 2.047 2.078 2.140 2. 203 
1.890 1.920 1.950 1.981 2 .011 2.041 2.101 2.161 
1.861 1.890 1.919 1.948 1.977 2.006 2 .064 2.123 

1.833 1.861 1.889 1.917 1.946 1.974 2 .030 2.086 
1.801 1.834 1.861 1.889 1.916 1.943 1.998 2.053 
1.782 1:809 1.835 1.862 1.888 1.915 1.968 2.021 
1.759 1.785 1.811 1.836 1.862 1.888 1.939 1.991 
1.738 1.763 1.788 1.812 1.837 1.862 1.912 1.962 

1.117 1.741 1.766 1.790 1.814 1.838 1.887 1.936 
1.698 1.721 1.745 1.169 1.792 1.816 1.863 1.910 
1.679 1.102 1.725 1.148 1.771 1.194 1.840 1.886 
1.662 1.684 1.707 1.729 1.752 1.774 1.819 1.864 
1.645 1.667 1.689 1.711 1.733 1.755 1.798 1.842 

1.615 1.635 1.656 1.677 1.698 1.719 1.160 1.802 
1. 587 1.607 1.626 1.646 1.666 1.686 1.726 1.765 
1.561 1.580 1.599 1.618 1.637 1.656 1.694 1.132 
1. 538 1. 556 1.574 1. 592 1.611 1.629 1.665 1.702 
1. 516 1. 534 1. 551 1. 569 1.586 1 :604 1.639 1. 674 

1.496 1.513 1.530 1. 547 1. 564 1. 580 1.614 1.648 
1.478 1.494 1.510 1.527 1.543 1.559 1.591 1.624 
1.461 1.477 1.492 1. 508 1. 523 1. 539 1.510 1.601 
1.445 1.460 1.475 1.490 1.505 1. 520 1.551 1.581 
1. 430 1.445 1.459 1.474 1.489 i,503 1.532 1. 561 

1·397 1.411 1.424 1.438 1.451 1.464 1.491 1.518 
1.369 1.381 1.394 1.406 1.419 1.431 1.456 1. 481 
1.344 1. 356 1.368 1. 379 1·391 1.402 1.426 1.4 .. ::) 

--~- - ~ --- ---- - -- L...-.---- .~ - - - ---

36 38 

2.417 2.487 
2.363 2. 430 
2 ·312 2.377 
2. 265 2.328 
2.222 2.282 
2 .181 2. 239 

2.143 2.199 
2.107 2.162 
2.074 2.121 
2.042 2.093 
2.012 2.062 

1.984 2.033 
1.957 2.005 
1.932 1.978 
1.908 1.953 
1.886 1.929 

1.844 1.885 
1.805 1.845 
1.770 1.808 
1.738 1.774 
1.709 1.743 

1.681 1.715 
1.656 1.688 
1.633 1.664 
1.611 1.641 
1. 590 1.620 

1.545 1.572 
1. 506 1. 531 
1.472 1.496 

-- ----

40 42 44 

2 . 557 2.627 2 .697 
2 .497 2. 564 2. 631 
2 .442 2.506 2 · 571 
2 ·390 2.453 2. 515 
2 .342 2.402 2 .463 
2. 297 2.356 2.414 

2. 256 2·312 2.368 
2. 216 2.271 2.326 
2.119 2.232 2.285 
2 .145 2.196 2. 248 
2.112 2.162 2. 212 

2.081 2.130 2 .178 
2 .052 2.099 2 .146 
2.024 2.070 2.116 
1.998 2.043 2.088 
1.973 2.017 2 .060 

1.927 1.968 2.010 
1.885 1.924 1.964 
1.846 1.884 1.922 
1.811 1.847 1,.884 
1.778 1.813 1.848 

1.748 1.782 1.816 
1.721 1.753 1. 786 
1.695 1.726 1.757 
1.671 1.701 1.731 
1.649 1.678 1.707 

1· 599 1.626 1.653 
1. 556 1. 581 1. 606 
1. 519 1. 542 1. 566 
---- - -_L... 
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2.767 2.836 
2.699 2. 766 
2.636 2.700 
2.577 2.640 
2. 523 2. 583 
2.472 2.530 

2.425 2.481 
2. 380 2.435 
2.338 2·391 
2.299 2·350 
2. 262 2.312 

2.227 2. 275 
2.194 2.241 
2.162 2. 208 
2.132 2.177 
2.104 2.148 

2.052 2.093 
2 .004 2.043 
1.960 1.998 
1.920 1.956 
1.883 1.918 

1.849 1.883 
1.818 1.850 
1.789 1.820 
1.761 1.792 
1.736 1.765 

1.679 1.706 
1.631 1.656 
1. 589 1.612 

50 

2.906 
2.833 
2.765 
2.702 
2.643 
2.589 

2· 537 
2.489 
2.444 
2. 402 
2.3'62 

2.324 
2.288 
2. 254 I 
2. 222 
2.192 ' 

2.135 
2.083 
2.036 
1.993 
1.953 

1.917 
1.883 
1.851 
1.822 
1.794 

1 .733 
1.681 
1. 635 

~ 
o 
~ 

f-=j 
Z 
Z o 

~ 
C\J 

~ 

C\J 
W 

.. 



~ 20 21 22 23 
bS/t S 

25 2·327 2.383 2. 439 2.495 
26 2.276 2.330 2.383 2. 437 
27 2.228 2.280 2·332 2.384 
28 2.185 2.235 2. 285 2.335 
29 2.144 2.192 2.240 2. 289 
30 2.106 2.152 2.199 2.246 

31 2.070 2.115 2.160 2.205 
32 2.036 2.080 2.124 2.168 
33 2.005 2.048 2.090 2.132 
34 1.975 2.107 2.058 2.099 
35 1.948 1.988 2.028 2.068 

36 1.921 1.960 1.999 2.038 
37 1.896 1,934 1.972 2.010 
38 1.873 1.910 1.946 1. 983 
39 1.850 1.886 1.922 1.958 
40 1.829 1.864 1.899 1.934 

42 1 .190 1.823 1.856 1.890 
44 1. 754 1. 786 1.817 1.849 
46 1.721 1. 751 1.782 1.812 
48 1.691 1.720 1.749 1.178 
50 1.663 1.691 1.719 1 .147 

52 1.638 1.665 1.692 1.719 
$4 1.614 1.640 1.666 1.692 
56 1.592 1.617 1.642 1.667 
58 1.572 1.596 1.620 1.644 
60 1 .553 1.576 1. 599 1.623 

65 1.510 1. 532 1.553 1.575 
70 1.474 1.494 1.514 1. 534 
75 1.442 1.461 1.480 1.498 

TABLE 4. - VALUES OF At/\ FOR FLAT PANELS WI'IH Z-m:CTION s'rnFENJl:R'j HAVIl'G 

bF _ 0.4 

'ow 

24 25 

2·551 2.607 
2.491 2.545 
2.436 2.488 
2.385 2.435 
2·337 2.385 
2.292 2·339 

2.251 2.296 
2.211 2.255 
2.175 2.217 
2 .140 2.181 
2.108 2.148 

2.077 2.116 
2.048 2.086 
2.020 2.051 
1.994 2.030 
1.969 2.004 

1.923 1.956 
1 .881 1.913 
1.843 1.873 
1.808 1.837 
1.775 1.803 

1.746 l.TI2 
1.718 1.744 
1.692 1.717 
1.668 1.693 
1.646 1.669 

1.596 1.618 
1.554 1.574 
1.517 1. 536 

(FRCM REFERENCE 3 ) FOR WE AS VALUES OF Ai j\ WITH 
eq eq 

IESIGN CHAR'lB FOR M:}-AL PANEIS HAVING \t.w - 1.00 
eq 

26 27 28 29 30 32 34 36 

2.663 2. 719 2.775 2.831 2.887 2.999 3·111 3.223 
2.599 2.653 2.706 2.760 2.814 2.922 3.030 3.137 
2.540 2. 591 2.643 2.695 2.747 2.851 2.954 3.058 
2.485 2·535 2.585 2.635 2 .685 2.785 2.885 2.985 
2.433 2.482 2.530 2.578 2.626 2. 723 2.820 2.916 
2.386 e .432 2.479 2.526 2.572 2.666 2.759 2.852 

2.341 2.386 2.432 2.476 2.522 2.612 2.702 2.792 
2.299 2.343 2.386 2.430 2.474 2.561 2.649 2.736 
2.260 2.302 2.344 2.387 2.429 2.514 2·599 2.684 
2.223 2.264 2.305 2.346 2.387 2.470 2.552 2.634 
2.188 2.228 2.268 2.308 2 .348 2. 428 2.508 2. 588 

2 .155 2.194 2.232 2.271 2.310 2.388 2 .466 2. 544 
2.123 2.161 2.199 2.237 2.275 2·350 2.426 2.502 
2.094 2.131 2.168 2.204 2 .241 2.315 2.389 2.462 
2.066 2.102 2.138 2.174 2.209 2.281 2·353 2.425 
2.039 2.074 2.109 2.144 2.119 2.249 2.319 2.389 

1. 990 2.023 2.056 2.090 2.123 2.190 2.256 2.323 
1.945 1.976 2.008 2.040 2.072 2.136 2.199 2. 263 
1.904 1.934 1.964 1.995 2.025 2.086 2.147 2. 208' 
1.866 1.895 1.924 1.953 1.983 2.041 2.099 2.158 
1.831 1.859 1.887 1.915 1.943 1.999 2.055 2.111 

1.199 1.826 1.853 1 .880 1.907 1. 961 2.015 2.069 
1.770 1. 796 1.822 1.848 1.873 1.925 1.917 2.029 
1.742 1.767 1.792 1.817 1.842 1 .892 1.942 1.992 
1.717 1.741 1.765 1. 789 1 .813 1.861 1.910 1.958 
1.693 1.716 1.739 1.763 1.786 1.833 1.879 1.926 

1.639 1.661 1.683 1. 704 1.726 1.769 1.812 1.855 
1. 594 1.614 1.634 1.654 1.674 1.714 1.754 1.794 
1.554 1.573 1.592 1.610 1.629 1.666 1.704 1.741 

38 40 42 44 46 

3 ·335 3.447 3.559 3.671 3. 783 
3.245 3·353 3.460 3. 568 3.676 
3·162 3.265 3 .369 3.473 3·577 
3.085 3.185 3.285 3.385 3.485 
3·013 3·109 3 .206 3·302 3 ·399 
2.946 3.039 3 .132 3. 226 3·319 

2.882 2.973 3.063 3.154 3.244 
2.824 2.911 2 .999 3.086 3.174 
2.769 2.854 2.938 3.023 3.108 
2.717 2. 799 2.881 2.964 3 .046 
2.668 2.748 2.828 2.908 2.988 

2.621 2.699 2.7TI 2.855 2.932 
2.578 2.653 2.729 2.805 2.880 
2.536 2.610 2.683 2. 757 2.831 
2.497 2.568 2.640 2.712 2.784 
2.459 2. 529 2·599 2.669 2.739 

2·390 2.456 2.523 2.590 2.656 
2.327 2.390 2.454 ~ . 517 2.581 
2.269 2.330 2.391 2.!l51 2.512 
2.216 2.274 2·333 2. 391 2.449 
2.167 2.223 2.279 2.335 2 ·391 

2.122 2.176 2.230 2.284 2.338 
2.081 2.133 2.185 2. 236 2 .288 
2.042 2.092 2.142 2.192 2.242 
2.006 2.055 2.103 2.151 2.199 
1.973 2.020 2.066 2.113 2.160 

1.898 1.941 1.984 2.027 2.070 
1.834 1.874 '1.914 1.954 1.994 
1.778 1.816 1.853 1.890 1 .928 
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3.895 
3.783 
3.680 
3.585 
3.495 
3.412 

3.334 
3.261 
3.193 
3.128 
3.068 

3 .010 
2.959 
2.904 
2.856 
2.809 

2.723 
2. 645 
2.573 
2.508 
2.447 

2·392 
2.340 
2.292 
2.248 
2.'206 

2.113 
2.034 
1.965 

50 

4.007 
3.891 
3.784 
3.685 
3·592 
3.506 

3.425 
3.349 
3.2'78 
3·211 
3.148 

I 
3.088 ! 

3.032 
2.918 
2.927 
2.879 

2.790 
2.708 
2.634 
2.566 
2·503 

2.4.46 
2.392 
2.342 
2.296 
2.253 

2.156 
2.074 
2.002 
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NACA TN No. 1274 Fig. 1 

Figure 1. - Mg-Al panel in testing machine. 
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Figure 2.- Cross section or test specimens. 
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Fig . 6 NACA TN No . 1274 
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Fig. 7b NACA TN No. 1274 
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stIffener spacin9- buckling stress, and average stress 

for minimum-weight designs of 24S- T and 

Pi = 3.0 kips/inch; c = I; ~ = 0.064 inch. 
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