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SOHE COMPARATIVE TESTS OF PLAIN AND ALCLAD 245-T SHEERET

By Re. L. Moors
SULMARY

Comparative data on the behavior of plain and alclad
24S-T sheet under several types of structural loading are
presented., The results indicate that, as far as flexural
stiffness and wesistance to buckling are'cdncerned, the
offect of the soft protective toatliang on alclad shoet is
ogquivalont to a reduction in thicknoss of about 7 porcont.
Differonceos in the stlffnoss and the buckling resistance
of plain and alclad 2485-T sheot, or in tho thickness ro-
quiromonts necessary to offset such diffcronces, may be
estimated on tho basis of this reduced effective thicknoss,
Although alclad shcet is much more sonsitive to floexural
rermanent sct than plain sheet beocause of the low elastic
stroength of the coating, differsnces in pormancnt-sot
charactoristics have little bearing upon the relative load-
carrying capacities of the two materials in struétural
applications,

INTRODUCTION h S e s _ L

Because of its superior corrosion resistance, partic-
uwlarly where spot welding is used, alclad 24S-T is used
more gensrally than plain 24S-T in aircraft .construction,
Although the gacrifice in tensile properties involved. in
the use of alclad rather than plain sheet 'iIs known, experi-
mental data are necded to show the relative behavior of
thoso materials under othor common typos of. structural load-
ings, This roport proscnts ia condonsed form the results. ’
of tosts portaining to the relativo ilexural stiffnoss,
buckling rosistance, permanent-sect charactoristics, and
uvltimato strengths of similar spocimons of: plain and al-
clad 245-7 shoobte . ) T
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DESCRIPTIONK OI' SPECIMENS AND PROCEDURE

Two thicknesses of materiasl, nominally 0,084 inch and
0,250 inch, were obtained in plain and alclad 245-T7 for
these comparative tests, The different types of specimen
uvsed and the procedures followed may be described as fol-
lows:

1, Tensile and compressive property determinations
were made on all lots of matsrial for the direction paral-
lel to that in which the materials were stressed in the
structural tests., The tensile tosts were all made on 1/2
inch wide, ‘shoet-typoe specimens (referonce 1); strains
wore moasurcd over 2-inch gage lengths by means oi a
Templin autographic slectrical extensometer, The compros-
.sion tests. on the 0,064-inch material were made on soven-
piece packs (referenco 2), 5/8 inch wide by 2 inches long;
the tests on the 0.,250-~ingh material wore made on single
l-inch wide strips, 2.89 inches long. Compressive strains
in all cases were determined by mesns of Huggenberger ton-
sometors on 1/2-inch gage longths,

2. Bending tests wore made on 3-inch-wide strips
from all lots of material in order to show differences in
the flexural stiffness and permanent-set characteristlcs
of single thicknosses of material, The teosts wero made 1ln a
40,000-pound capacity Amsler hydraulic testing machine,
uging central concentrated loads on &-inch and 8-lnch
spans, Bonding dofleoctions and permanent sots were moas-
ured at tho conter of the spans by meoans of a dial indicator
graduated in thousandths of an inch,

. 3. Column tcets wore made on l-linch-wide strips of
the' O 250-inch material in lengths ranging from 2,39 to
28,9 inches, corresponding to effective slenderness ratlos
(KL/r) from about 20 to 200, These specimens were loadod to
failure in a 40,000-.pound capacity Amslor hydraullc test—
ing machino, using fixod boaring hoads,

4. Figurc-l shows the dimonsions of the box beams
fabricatecd from the 0,064-inch shcot, These specimons
wore all 40 inches long and each spocimon was composcd of
two formed channol soctions, 3 inches docp, to which covor

shoots wore riveted, Ovor-all widths of 2% and 4% inchos

wero usoed in both materials to provide flangos having wide-
ly different buckling characteristics, Table I gives the
essentlal section elements,



NACA Technical Hote Noe 821 3

Bending tests ‘wore made on thesc spocimens in a 40,000-
pound capacity Amsler hydraulic tosting machine, using a
third-point loading on a 36-inch span,-- Dpflections and
permanent seots at the conter of the span were moasurcd by
mirrored scalos attachod to the beams, midway betwoon
flangos, and finc wircs stretched between the ends-of the
span, Flango .-strosses wore measurocd in tho middle third
of tho .span by means of Huggenbergor tensomoctors on gago
loengths of 1 inch., On the specimens havlng over-all widths
of 4% inches, the buckling characteristics of the compres-
sion flanges were also investigated by measuring deflections
at l-inch intervals along the longitudinal coenfer line.of
tho flanges, All spocimons woro loaded in lncremonts %o
failuro, “

54 Filgure 2 shows the dimensions of .the stiffened
flat-sheet panels fabricated from the 0,064-inch material,
The specimens were all approximately 183 inches long and
wore ocach composod of four 1% by 1+ by Z.inch angles, riv-
oted in palrs %o the edges of a flat—shoot pancl, In or-
der to cover a wido range of buckling loads, spccimens
having widths of 2, 3, 4, and 6 inchos botwecon stiffoners
wero provided., Tabloc II glves the essontial soction cle-
montse

Edge compression tesis were made on these specimens
in a 300,000-pound capacity Amsler hydraulic-type testing
machine, using fixed boaring heads fittod with leveling
rings, Lateral deflection and permanent-set measurements
were taken at l-inch intervaels along the longitudinal cen-
ter line .of the panels by meoans of a dial indicator, grad-
uated in thousandths of an inch, used in conjunction with
a reference frame fastenced to the tostlng machine heads,
Strains woro measurcd on oightcocon 2-inch gagd lincs at the
center scctlion. of each pancl by a. Borry strain gage,

The procedurec followed in those tosts was to apply
incremonts of, load, moasuring .lateral defloctlons at cach
incromont, until buckling of the sheet bocamo apparont,
From this point on, permanent-sot readings werc taken af-
tor each incroasing load, Strain moasuremonts wore takon
‘at a ‘sufficiont numbor of loads to indicate the distribu-
tion of stress beforeo aﬂd aftor buckling of tho shoot and
$0o indicato the first yioldlng of the stiffenors. Each of
theso spoecimens was tostoa 0 failure Qf the complete panel,
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DISCUSSION OF RESULTS

Tensile and Compressive Propertles of Materials

Table III gives a summary of the tensile and the com-
pressive properties for the materials unsed. Although thero
ig .considerable varigtion in propertles for ths different
"lots of material, all values are above the specificd mini-
mums for both plain and alclad 24S~T shooct; in fact, the
properties for the 0,064-inch shecet aro above those spoci-
fiod for this alloy in the RT condition. (reforencoc 3).

The ratios of the strengths obtalned for the alclad
to those for the plain materials are of interest in connec-
tlon with the results obtainod in the structural testse,
. It would simplify comparisons if the protectivo coatings
of tho alclad accounted for the only differcnces botweon
tho propertics of the matorials used but such was obvious-
1y not the case,

Bending Tests on Single Thicknessges of Sheset

Figure 3 shows the load-dofloction and permanont-sot
curves obtalined from bending tests on single thicknosses
of cach matorial, Two signiflcant differences in behavior
will be noted: (1) permanent sets were observed in the
alclad specimens almost from the start of the tests, indi-
cating stresgses in the extrome fibors excocding the olas-
tic strongth of tho coating matorial; and (2) tho dofloc-
tlions of the alclad specimens within the estimated elastic
range of the core material wsre about 20 percent greater
than indicatcd for the plain specimons of equal thickness,

Figurc 3 shows that tho difforonce in flexural stiff-
ness found for theo plain and the alclad specimens corre-
sponds very closely to that computed, if only 93 percent of
the thickness is assumed to be effective in tho case of tho
alclad, BSuch a2 value of effective thicknesgs does not soom
unreasonablo in viow of the fact that protectlve coatings
normally account for about 11 porcont of the total thick-
ness and it does not seem necessary to neglect their stiff-
ening effect entirely. Because of the large ratios of
width to- thickness of spocimen lnvolved in these tests, the
computod defloctions shown in the figures wore based on a
rmodulus of olasticity ogual to E/{1 - ua), where I =
10,300,000 pounds por squarc inch and g = 1/3, Such a
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computation procodure was apparently nét'as justified fof”-
the 0,250-inch as for the 0,064-inch material, but this
fact has no bearing upon the differences in tno flexural

' stiffness observed for tho two materials,

Colunn Tosts on Single Thickneossecs of Sheet

Fligure 4 glves the results of the column tests on the
l-inch-wide strips of 0.,250-inch sheet, As would be ex-~
pected from the Z0-perceont diffeoreonce in compressivo yiold
strongth of the plain and the alclad materials given in
table III and the differences in flexural stiffness shown
in figure 3, thé column strengths of the alclad specimens
wore less than found for corresponding spocimens of plain
material, For comparative purposes, two computed column-
strength curves are shown in figure 4; ons 1s based on the
compressive yield strengths of the materials (reference 4)
and tho other is based on valuos of tangent modulus used
in tho Bulor ogquation for olastic buckling (reforence 4),
In the case of the plain material, the computed column-
strongth curve baseod on tangont moduli is in good agreement
with measured values, whlile the more common sitraight-line
relation gives values that are somewhat low in the range
of intermediate offeoctive slondernoss ratios, Tho strongths
of theo alclad specimons woreo below thoso computed dy cither
of tho foregoing methods, excoptv for low slendorness ratios,
whore the yield strongth of the matorial was a preodominant
factor, Although neither of the two mothods of computa-
tion haosgs over boon suggested as being strictly applicabdble
to alclad material, their principal weakness is that they
do not take into account the influence of the coating mate~
rial upon flexural stiffness,

Figure 5 shows the column streangths for the alclad
specimens based on the assumption that only 93 percent of
the full thickness was effecitive, The strengths indicatod
by the tests and tho corrosponding offoctive slondorness
ratios are about 7 percont highor than shown for the same
spocimons in figure 4, ‘From the good agroeomont found bo-
twoen these modifled tost ‘rosults and the, computed column-
strongth curvoe based on the .same raduction in offective
thickness, it appoars that the column strength of single
thickneocsses of material 'may b Getimated by the roducod—
thickness mothod propoéod. '
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Bending Tests on Box Beams

Figure 8 shows the load-deflection and the permanent-
set curves obtained from the tests on the box. beams fadbri-
cated from 0,064~inch sheet. Although permanent sets oc-
curred earlier in the alclad specimens than in those of
plain material and there was some difference 1in flexural
stiffnogs, the influence of the alclad coating meterial
was by no moans as pronounced as found in thoe bonding tosts
on s8inglo thicknosses of matorial, Tho explanation for
this difforonce is that the flexural stiffness of bullt-up
sections does not vary as the cube of the sheet thlckness,
as in the case of bending of a single thlckness of. material
about its own centroidal axis, but varies approximately as
tho first power of tho thicknoss, -

FPor purposes of comparison, two sets of computed load-
doflectiom rolations have beon shown in flguro 6; one sct
igs basod upon the full thickness of tho shoot olomonts,
and tho dthor is based upon a 93-porcont cffectlive shoot
thickness, The procedure based on 93-percent thickness.
rosultod in computed defloctions about 7 porcont greater
than obtained using full thicknossos, In thoe bondling
tosts on single-thicknoss spocimens, 1% will be recalled,
the same procedure resulted in a 20-percent difference in
flexural stiffness, It appeoars from the good agroomont
obtained botween measurcd and computod -defloctions that
the uso of the sffoctive-thickness method for predlcting
the flexural stiffness of built-up alclad beams is as sat-
isfactory as. for predicting the behavior of this material
under any of the 6ther. types. of loading comsidered, Al
though load~stress data have not been included heore, they
were ontircly consistont wlth the behavior indicatod by
tho measured deflections,

Heasurements of local buckling in the compression
flanges of the 4%—inch-wide beams indicated typical buckle
vatterns, although it was not possible to determine when
buckling first occurred, It was evldent, however, that
buckling occurred earlier in the alclad than in the boam
of plain material and that local peérmancnt sets were first
obtalined in the alclad bPeam. A comparison of the measured
deflections indicated that appreciable buckling. dld not
occur- in the compression flanges of either material for
loads less than those computed as critical for an assumed .
condition of fixed odges (roferemce 5, p. 41l), In the case
of the alclad beam,. an offective shoot thickness of 93 por-~
cent was used in tho computation of flango buckling load.
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Table IV gives a summary of the ultimate loads car-
ried by the box Peams with the corresponding maXimim conm-
puted bending stresses or moduli of failure, Failure oc-
curred in all cases by buckling of the compression flanges,
as shown in figure 7, Although sevoral rivets were bdroken
in the 2%-inch-wide specimeon of plain 245-T, thore was no

ovidence of primary rivet failwure,

From a comparison of the results given in tables III
and IV, it may be seen that the modulus-of-faillure values
were all less than the comproessive yield strengths of the
materials tho difforences are about 5 percent in theo case
of the 24-inch-wido spocimons and 20 to 25 percent ia the

case of the 4%—inch—wide specimens, Thess psrcentages,

based on the elemonts of the full-beam sections, would not
bo altered by using an offecctive shoet thickness of 93 per-
cont for the alclad specimens because both the modulus-of-~
faillure values and the compressive yleld strongths would be
changed by the same amount, The modull of failure werc
from 25 %o more than 100 percent greater than the computed
. buckling strength of the flange sheets alone, assuming
fixed cdges at the line of rivets., The groatest diffor-
cncos wore found, of course, in the widost spoecimons, whore
. the influence of buckling was most pronounced. It is cloar
that the theoretical buckling strength of the flange sheots
alone does not provide a Satisfactpxy basis for predicting
ultimate beam strongths, since fallures obviously cannot
occur until the resistance of the combinod flange and web
is exceeded, Table IV shows that a better estimate of ul-
timate load may be obtained by assuming failure to occur
at a stress equal to the compressive yield strength of the
material, acting on an assumcd effective flangoe arcda after
buckling (reference 5, p. 45). The predicted loads ob-
‘"tained by this method averaged within about 10 percent of
the tesgt: values‘

. Table IV 1ndicates that theo ultlmate strength of the
2%_inch-wide alclad beam was about 83 porcent of that de-

volopod by the corresponding spocimen of plain material,
The strength of the’ 4%-1nch-wido alclad specimon was 78

'pcrcont of that found for the corfresponding plain specimon.
Those percontages corrocspond very closcly to the toensile
and the compressive yicld-strength ratios given for the
.0e064~inch plain and alclad sheet in tadle ITI.

* - * - e
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Compression Tesis on Stiffened Flat-Sheet Panels '

Figure 8 shows typical load-deflection and permanent-
.8et eurves as well as buckle patterns for the stiffencd
flat panels of 0,064-inch shecet, It 1s cloar that the
alclad panels buckled at loads gomewhat less than found
for similar specimens of nlaln matorial and that the buck-
ling loads and the number of waves in all buckle patterns
incrocasod with decreoasing width of sheoect botweoon stiffen-
orse Permaneont sots occurred in the alclad panols almost
with the first evidence of buckling; whereas, in the plain
specimensg no evidence was obtained to show that permanont
sets in any case resultod from excossive defloction of tho
shoot,

Figure 9 shows a sot of avorage load-sirailn curves
for tho clghteen 2-inch gago linos located on tho widost
panels tested, Tho curves for all gage lines oxcept 4 and
13 on the centor lino of tho pancls are approximately tho
same and arc typical of those odtained for the corrospond-
ing gage linges in the panocls of all othoer widthas, Propor- g
tional 1limits in the vicinlty of 60,000 to 89,000 pounds,
corrosponding to average computed stresses Tasod on tho
gross areoa of 20,000 to 30,000 pounds por square inch,
wore indicated by the strains moasurod in the stiffesners.
Strain roadings takon on tho stiffenor anglos aftor theo
application of leoads of this magnitude clearly indicated
permanent sets in all panels, regardless of width, so that
any evidence of permanent buckling in the plain 245-T
sheet pancls at these loads would appoar to bo the result
of stiffener yiclding rather than excessive sheet deflec—
tion, A comparison of the average strains measured on
‘gage lines 4 and 13 with those measured at all othor points
indicates the oxtent to which shaet buckling influonced
tho distridution of load., Only in the casc of tho spoci-
mons having a clear width of 2 inches botwoon stiffencrs
dld the avorage load-strain curves indicate 2 uniform dls-
tribution of stross across tho panols for tho ontire rango
of - loads invostigatod, : : :

Tho solection of critical buckling loads from load-
deflection curves of tho kind shown in figuro 8 is obvi-
ously not a vory exact procedure and dbuckling was ardbil-
trarily assumcd 0 occur at loads corresponding to the
points of infloction estimated on the load-defloction
curves,., Such valuos, as has boon found from similar tosts
of stiffoned flat-cheet paneols, should be in tho vicinity
0f tho critical loads determined Py tiio Southwoll nethod
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(reference 6) of plotting loads against ratios of load to
deflection, The method proposed by Dunn (reference 7), of
plotting loads against the squares of tho doflectiomns, is
applicable to these data but gives critical loads consist-
ontly loss than those indicated by tho point of inflec-
tion, The point-of-infloction critorion gave buckling
loads in fair agreement with the "break! or apparent point
of buckling on theo load-strain curves obtainod for gage
lines 4 and 13,

Tableo V gives a2 summary of estimatoed buckling loads
for thoso casges in which sheet buckling occurred before
‘general ylelding of the entire panels. Although there may
" be some gquestion about tho magnitudes of the critical loads
seloctod, the imporitant observation to be mado from those
tosts concerns tho rolativo buckling resistances of the
Plain and aleclad panels, As may be seon from the tabdble,
the ratios of buckling loads for the two matorials ranged
from 0,71 to 0,91. For purposes of comparison, theoroti-
cal buckling loads based upon a condition of fixed odges
and assuning an effoctivo sheet thicknéss of 93 porcont
for tho alclad, areo also included in the table, OConslder-
ing the indofiniteness involved in the sxzporimontal detor-
mination of buckling loads, the agreénmeént between observed
and computed critical-load ratios for the two materials is
reasonably satisfactory.

Figure 9 shows a typlcal comparison of avsraoge meas-
ured and computed stresses for several loads, Although
strain measuremonts were limlted %o gago lines parallel to
the direction of loading, it was assumed that the corro-~
sponding strosscs might bo determined by assunming a stato
of unidiroctional stross, The curves indicate a reasonably
uniforn distribution. of stress across the width of the pan-
els for loads less: than the buckling values, The average
measured stresses, moreover, were in good agroemont with
thoso cemputod. For loads greater fhan the buckliing ‘val-
ues, the resulis iIndicate that the centor’ portion of the
sheet carried less than 1%s share of tho load.

Table VI gilves a summary of the ultimate loads carriod
by the stiffenod flat-shoet panels as well as the corre-
sponding average compressive stresses based on both gross
and net:effective areas, Effective sheot thicknosses wore
not used for the alclad panels because the resulting ef-
fects on total areas were loss than 1 percent.
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Table VI also shows, for purppses of comparison, the
computed column strengths of the different panels based
on ‘the net effoctive areas of the panels and the compros-
sivo yield strength of the stiffener material. These com-
puted strengths range from 6 to 9 percent less than tho
tost rosults basocd uwupon the net effective areas., Figure 10
shows the stiffezned flat-sheet panels after failure,

CONCLUSION

It is concluded from those comparative tests of sov~
oral difforent types of structural cloments that tho flex~
ural stiffnoss and buckling roesistance of alclad 245-7
sheot may bo precdlcted in tho sameo mannor as for plalm
24S-T sheot, provided that only 93 porcent of tho thick-
noss of tho alclad 1s assumoed offoctive. Whore material
proportios cntor into such computations for alclad as, for
example, in tho derivation of a column formula based upon
comprosgive yicld strongth, thoso propoertios should be in-
creased by the ratio of tho full {thicknoss o tho assumed
cffective thicknoss, '

In ordor %o obtain cgual floxural stiffness and re-
sigtance to buckling in aleclad and plain 248-T7 sheet, it
appears that the thickness of theé¢ alclad should be about
7 percent greater than that for the plain sheet, In cases
where the tensilo strength of the material rathor than the
floxural stliffness or tho resistance to buckling govorns
gstructural behavior, however, alclad 24S-T shoet should bo
about 11 percont thicker than plain 2435-T shoot, basod on
prosont -allowable strongths (roforcncec 8),

The markoed difforence in floxural pormanent-sot char-
actorigtics of singlo thicknessos of plain and alclad
245~T shocot roflccts the. low olastic strongth of the alclad
coating matcrial but has little bearing 'upon the rolative
logd~carrying capacities of the two raterials in struc-
tural applications, '

Although tho tests doscribed im this roport weroc lim-
itod to samples of plain and alclad 245-T sheet, it sooems
‘roagonablo to concludo that about tho same rolative be-
havior would bo found betwocen plain and alclad 24S-RT and
175-T sheoot,, in which alclad coatings of high-purity alumi-
num arc usod, '

Aluminum Research Laboratories,
Aluninun Company of Anserica,
New EKonsington, Pa,, Junec 13, 1941,
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TABLE I

Section Eloments of Box Beams

Shoot Over-all | Over—-all]| Homont of|Section

Haterial thicknoess| width dopth incortia | moduluw
(in,) (in,) (in.) (in.%) | (in.®)
24S-T 0,065 2,76 3,14 1,43 0.93
Alclad 24S-T72 063 2,74 3,13 1,37 .89
245-1 .065 4,49 3.13 1,94 1.87
Alclad 24S5-12 .063 4,51 3.13 1,90 1.24

&Flements for alclad specimoens basced on full thickness of

shee

Te

Pror stress at middle plano of flange shoot,

TABLE

II

Soction EBlements of Stiffened Flat-Sheet Panels

Panel |[Sheet thickness, | Gross area® |Computed effoctive area
width % after sheet buckling?
between (in.) (sq in.) (sq in.)

stif -
feners | FPlain |Alclad Plain {Alclad Plain Aleclad
(in4) 245-T 245-T 248-T 248-T 24S-T 245-T

6 0,0660 | C.0635 2.88 2.86 2,59 2459

4 . 0640 0630 2,74 2,73 258 2.58

3 «0665 0835 2.69 2,387 2,60 2459

2 «0650 . 0835 2,61 2,61 2,59 2.59

8Area of sheet plus area of four 1%t by it byﬂi inch angles

(2.3

2 s8q in.).

bEffective widths of panel after buckling assumed equal %o

5400%

VAT

eld strength

. {(See reforence 5, pe. 45.)



TABLE III

Mechanical Properties of Material

Nominal Tension Compresslve Ratios of strength
thick~ | Tield strength | Ultimate [Elongation| yield stremgth 1.5 Alcled 24G-T
Material |"pess |[(Set=0.2 percent)| strength in 2 in. | (Set=0.2 percent) E*fég' Plain 245-T
) T.Y.3. T.S. C.Y.5, Bt 2 7.5.10.Y.5.] 7.5
(in.) (1b/aq in.) |[(1b/sq in.)|(percent) (1b/sg in.) R R N L
24c.m®& 0.250 47 000 70000 18.0 A8 200 1 AR
[ A= it ooy X g Ty vy LU e 27 9 LAS Lo Ju
Alclad | .250 45,900 66,300 20.5 39,5 "gef | 0-98 | 0-80 |0.95
245-T
245-T 064 &, 700 77,100 17.0 46,500 .74 .78 .55 | .85
Alelagd | .064 48,900 66, 400 19.0 39,500 81,
248-T
245-T 250 51,300 67,900 20.0 44,000 .B6
(angle)

®Specimens cut normal to direction of rolling. TFor all other materials, specimens were cut parallel

to direction

of rolling.
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TABLE IV

Tltimate Strengths of Box Beams

Nominal Modulue of | Computed bucklling| Predleted ultimste |
beam [Ultimate|] fallure gtrass for load based on C.Y.5.|Ratio of moduli
Material width load flenge sheet and effective of failure
) . ' . ' ) flagga‘area Alelad 245-T
(im.) | “(1b) [(1b/sq in.}| (1b/sq in.) (1b) Plain 245-T
(2) (b) (c)
245~T 2% 6950 44,800 34,200 6350
} 0.5
Alclad 345-T| 2% 5520 37,100 30,100 5320 °
245-T 44 7900 37,400 16,700 6640 }
.78
Alclad 245-T| 4% 6000 29,100 14,100 5570

®Baged on section elements given in table I.

bComputad using equivalent slenderness ratios in column formulas. {See reference 5, p. 4l.)
Effoctive thickmess of 93 percent assumed for alclad

Fized edges assmmed at rivet llnes.

gheat.

Csee reference 5, p. 45, for determination of effective width.
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Buckling Ioade for Stiffened Flat-Sheet Panels Subjected to Edge Compression

Panel |Buckling loads ostimated from|Buckling loads ecstimated from|Thesoretical buckling loads for
width | load-deflection curves (1b) load-strain curves (1b) fixed edges (1b) (a)
bzzzgf“ Plain | Alclad | Alclad Plain | Alclad | 4lclad | Plain | Alelsd | Alclad
foners 245-T 245-T Plain 245-T | 245-7 Plain 2457 § 245-T Plain
(in.)
6 27,000 | 20,000 | 0.74 28,000 | 20,000 | 0.71 42,600, | 18,000 | 0.80
4 44,000 40,000 21 48,000 | 40,000 .83 45,800 | 38,200 .83
3 72,000 64,000 I 64, 000 B 74,800 | 62,000 .83
- R ORUR R — e 96,500 | 85,000 .88
aGompu,ted using equivalent slenderness ratios in column formmlas . (See reference 5, p. 41.)

Bffective thickness of 93 percent assumed for alclad sheet. Buckling loads baged on gross

arass ‘Fn'n hn'l"h -n'In"'n nnﬂ alnlaoAd 'rs:nn'TcL
i AR G- LG A s

Teofugoes VOVH
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TABLE VI

Ultimate Strengths of Stiffened Flat-Sheet Panels Subjected to Edge Compression
Panel Ultimaste load Corresponding stresses (1b/eq in.) (a) Computed
width (1b) ) column
between Grogs area Bffactive area after buckling strength
fs?if— Plain Alclad Plain | Alclad Plain | Alelad
eners 248-T 45-T 245-T | 24§-T 24s-T | 248-T
(1n.) S _ (1v/sq in.) (D)
6 128,500 | 126,700 | 44,600 | 44,300 49,600 | 48,900 45,600
4 124,800 | 124,900 | 45,500 | 45,800 48,300 | 48,400 45,500
3 126,600 | 125,600 | 47,000 | 47,000 48,700 | 48,500 45,500
2 126,800 | 125,700 | 48,600 | 48,200 48,900 | 18,500 45,500

BRased on areas given in table II.

bBaaed on effective areas and compressive yield strength of gtiffenper material.
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NACA Technical Note No. 821 Fige. 3,4
Load Load .
A" 0.252" % 0.G335"
8"span 6" span - -
Specimens 3 inches wide Speclmenis 3 inches wide _
1400 140 .
{ | Y | A {0V (o3
Z/ﬂmanent. (/
1200 (1> eets ] 120 7 7
: /4 ol [ A
1000 | o 100 %
- ; / / - il
" 800 Deflecti Haor J'T Pl
- +-_Deflections s L~
k| i V% Ll kS i A
S VA 7
& /¥ Computed load-deflection | = A/
600 7 relations shown dotted: ] 60 /7
| _(e.)deflection based on _|
), full thickness {
400 (b)deflection based on ] 40
Vs 93% of full thickness.| A ~0— 24S-T
Leasured deflections for 248-T 7A -o— Alclad 24S-T
200 specimens adjusted to correspond— 20 74
to thicknesses of Alcled specimens,
0 }niicaied above. J i | [ J 0
.100 4| . 200 -

Deflections and permanent seta et center of span, in.

Figure 3.~ Load-deflsction and permanent set curves for single thleknesaes of ma.terml

80,000
L1 U LI L] ]
Computed. column strength curves based on
_570 , 000 compressive yield strength of materials:
o for 248-T: P/A = 61,900-587KL/r (KL/r< '?O),
w f for Alclad 248-T: P/.l. = 47,300-392KL/r (KL/r <8Q)
> 60,000 A e
— \ /I,
q;‘ . "' ;
= 50,000 £ +f—1/4*(nominal
- K thickness)|
5 N N
2
¥ 40,000 AN \\;\K i K = 0.5(assumed)
e ' N R Column specimen, tests
+ AV mede using fixed heads.
2 30,000 E NS ——————
g \\ 1> Computed column strength curves ba.sed on tengent-
“ 3 ‘ modulus values in Euler equation. '
© 20,000 \4 +——4
N P.¥E =
-o—248-T 0 Nl A(KL/r)t “here E =
10,000 T T.e—Alclad 245-T P~ 10,300,000 1b/3q in.
—{ .
0 20 40 60 80 100 120 140 160 180 200 220 240_

Effective slenderness ratic, KL/r

Figure 4.- Column strength of 1/4-inch sheet.
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N Computed column strength curve T— .
. |based on modified compressive . 1/4*(nominal
S yield strength. (Value in table LY thickness)
N JTIT= 0.93). P/h = 51,500-446
N KL/r (KL/r < 77)
AN Y
\ A\ Column specimen, tesis
'\\ made using fixed heads.
< X = 0.5(assumed)
5 T
- b .
N 1’?%1.—)! where E = 10,300,000__ |
\‘\ g 41?/8 in.
: |
i 1 4 -
20 40 60 80 © 100 120 140 160 180 200 220 20
Effective aslenderness ratio, KL/r T /e
- Column strengths of 1/4-inch thick Alelad sheet based on 9% percent effeciive
thickness. r = 93 percent of radius of gyration based on full thickness.
2_5/41:.__~ Load ‘}_,_.-4_'1_"/2:
h_"ﬁ " " " | il R
I 1['.’.t 1/8" g ts 1/8"
-l Tﬂ-:— 36" span —-T n
foyt A4®) /[ //
4
i a X/ A)
-vPermanent /
e | TT W ; VW
/ Deflections. é/
; | /]
/)
7 78
Measured deflections for -
/4 245-T beams edjusted tc_{
| correspond to stiffness
-Computed load-deflection —of Alelad bea.ms.T I-
reletions shown dotted: —O0— 24S-T l
(a)deflection based on full —o— Alclad 24S-T
thickness of sheet elements.
/ (b)deflection based on 93% of
full thickness of sheet elements.
1 ! Lt 1 ! I ! i 1 L
e 100 k-, 100+ o

Deflections and permanent sets at center of span, in.

Figure 6.- Load deflection and permanent set curves for box beams
fabricated from 14-gage sheet. T
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248-T b/t = 91.0 62.5 45.1 - Eue
Alclad 245-T b/t = 94.5 63.5 47.2 3.5
I
| 4
Lateral deflections and permanent - :
sets measured &t 1-inch intervals b _ width between stiffeners
on longitudinal center line of £ sheet thickness
100.000 all panels, )
s L~ e e
% e e [ 217 [ P>
80,000 £ Permanent / ./ 4 7
R A y %{
i % / A ] )
60,000 - — 7
ﬁ \’ l// \ f ‘
7 40,000 ' Ste.6 7 bl 1 ‘
= ’ . 8 .
3 | i  sta. 3] Q/L sm.e*}
20,000 Deflections Q ] D . +(
. 1
-o— 245-T —| SN “ta.13 J%
o} o Alcled 2as-T | } [ ] <
k040 ket Logo 4 Retothozo Fg g =010 4§74

Lateral deflections and permarient set, in.

Figure 8.~ Typical load deflection and permanent set curves for stiffened flat-sheet
panels. Buckle patterns are shown for 96,000 pound load on 245-T panels.
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Strain, in. per in.

Figure 9.- Compressive load-strain curves and stress distribution in stiffened flat-

sheet panels,
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