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SUMMARY 

Tests were made of tubular sections machtied from 75~~6 aluminum- 
alloy rolled rod and having ratios of t&e diameter to wallthick- 
ness D/t rang- from 2 to 150. The purpose of the investigation was 
to establish curves of strength in torsion, compression, and bending 
against D/t for the tubular sections and to show to what extent these 
strengths may be correlated with the mechanfcal properties of the mate- 
rial. In view of the acceptable mechanical properties obtained for 
the material, the relations obtained between these strengths and D/t 
may be used as a tentative basis for design of members of the type 
investigated. 

INTRODUCTION 

The tests described in this report were undertaken Fn response 
to requests from aircraft manufacturers for information to be used in 
the design of tubular menibers of aluminum alloy 75s-T6. Although such 
design generally involves considerations other than simple tension, com- 
pression, and bending, as discussed herein, relations between strengths 
under these load-s and ratios of tube diameter to wall thickness D/t 
constitute essential design data. These tests were made on round sec- 
tions machined from 75s-~6 rolled round rod, and having D/t ratios 
ranging from 2 to 193; they supplement some earlier tests of the same 
kind made on 75%T6 extruded tubing. 

It was the object of this investigation to establish curves of 
strength in torsion, compression, and bending against ratios of diameter 
to wall thickness D/t for the tubular sections and to show to what 
extent these strengths may be correlated with the mechanical properties 
of the material. 
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MATERIAL 

Test specimens were cut from five l2-foot lengths of 2-inch- 
diameter 7~~~6 rolled round rod. Average mechanical properties for . 
this lot of mated81 are listed in table I. The longitudinal tensFle 
properties are 8bOVe guaranteed minimum values for m-T6 rods, bars, 
8nd shapes (reference 1), 8nd above the values recommended for design 
in reference 2. Figure 1 shows longitudinal and transverse stress- 
strain curves in tension and compression for specfmens cut from one of 
the rods. The tensile strength and.tensile 8nd compressive yield 
strengths for these specimens were all withti 1.6 percent of the average 
values listed in table I. The stress-strain curves from which 8n 
average yield strength In shear w&s selected are shown in figure 10. 

SPKIMI3GANDWTPFHXEDURE 

The tests were made on specimens of the type shown in the photo- 
gr&ghs in figures 2 to 6 s.nd in the sketches in ffgures 7 to 9. Dimen- 
sions of the test sections are given In tables II, III, and IV. The 
tubular specimens were made by first turning down the reduced section 
to approximate size in 8 lathe, boring and reaming the hole, and finally 
finishing the exterior of the reduced section &d cutting to length. 
Me&SuEIJEntS made on cut specimens after completion of the tests Fnai- 
cated that maximum and m5nimum thic~esses were within a.002 inch of 
the average values listed in tables II, III, and IV. In terms of per- 
cent of the average thickness, the maximum variation from the average 
vas 6.5 percent for the tension specimens, 3.0 percent for the com- 
pression specimens, and 4,5 percent for the b~eam~epecimens. 

The torsion tests were made in an Amsler Torsion Machine of 
1200 foot-POUYld C&p&City. Intermediate torque ranges of 240, 400, and 
800 foot-pounds were used in addition to the maximum range. Measure- 
ments of shear strain were obtatied for the three spec5nWzns with the 
smallest D/t ratios (2, 10, and 15) by means of Amsler troptometers, 
graduated in degrees, fastened to the specimens near the ends of the 
reduced test sections. Snug-fitting steel plugs, having 8 length of ~ 
about 4 inches, were inserted Fn the ends of the tubular specimens 
before gripping in the testing machine. 
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The compression specimens were tested in a Southwark-Emery 
w,OOO-pound capacity testing machine and an Amsler 300,000-pound 
capacity testing machine, using appropriate 10&d r8nges. As is shown in 
figures 4 and 8, the specimens origin8lly had a 6-inch-iong reduced sec- 
tion with 8 short length of thicker material at e8Ch end. This design 
was adopted since it provided the same type of transition at the ends 
of the reduced test sections in 8l.l three types of specimens. Since 811 
of the compression specimens failed at the end of the reduced portion, 
it was questioned whether the strength was influenced by the geometry 
of the shoulder. Following the first tests, therefore, the ends and 
the buckled portion of the test secti- were cut off and the remaining 
length of und8m8ged uniform section subjected to retest. 

The bending tests were made in an Amsler h,OOO-pound capacity 
machine, usFng the lo&ding fixtures shown in figure 2. These fixtures 
were designed and fabricated 8t the Aluminum Reseerch D8bor8tOries Fn 
1937 and have been used Fn previous investigstions of this kind (refer- 
ence 3). Since the bending SpeCiEEns could not be m8de more than about 
22 tichea long with the boring and reaming tools readily aV&ilable, the 
effective length for test pznposes was increased by the use of steel- 
plug extensions h8vWg a drive fit in each end. The specimens were 
supported 8t the ends 8nd 8t the intermediate lo&d points by snug- 
fitting yokes with knife-edge supports in the plane of the neutral 
8xis. The end yokes were mounted on rollers in order to minimize 
restraint against horizontal movement of the ends act- vertical 
deflections. Deflection measurements were mede on six of the beams with 
small D/t .ratLos by means of 8 dial gage, graduated to 0.001 inch, with 
suitable extensions. The deflection of the tube relative to the beam 
of the testing nrachine w8s measured st the center and ne8r each end of 
the reduced section of the tube. In the test of the solid round speci- 
men the dial gage read-6 were supplemented by measurements with a 
steel scale graduated to l/50 inch. The scale was also used to determine 
the deflection of this specimen at the load points. Aithough these latter 
measurements were not made in the other tests, the deflection of the load 
points was miCated by the 8utOgXXphfC diagrams from the testfng machine. 

Torsion Tests 

Table II gives the maximma torques and the COrrespanding average 
sheer stresses at failure for the torsion specimens. 
the solid specimen (D/t = 

For all except 
2), the she&r stresses were computed by the 

following formula, bssed on the assumption of a uniform shear stress 
over the thickness of the tube wall: 



4 NASARMFI25 

Fat = = 
2Ya-Q 

where 

(1) 

F et average shear stress at failure, psi 

T torque producing failure, ft-lb 

r me&n radius, in. 

t wall thickness, in. 

For the solid specimen the value of the uniform shear stress 8ssUmed at 
failure was computed by the formula 

144T Fat = - 
a3 

where D is diameter of the rod in inches. 

09 

The difference shown in table II between the She&r StreSSeS computed 
for the solid specimen 10, and the tubular specimens 8, 9, and 11, which 
also fractured without-buckling, apperently reflects the Inaccuracy of 
the assumption of a uniform distribution of the shear stress in speci- 
men 10. A closer approach to such 8 condition would be expected in 8 
material hav5ng more ductility than 7~-~6. The average stress of 
53,900 psi determined from the values given for specimens 8, 9, 8nd 11 
is believed to represent 8 more reliable value of torsional shear 
strength for the mxterial. .- 

Photographs of the torsion ispecImens after failure are shown in 
figure 3. With the exception of the four specimens noted above, all 
f8iled by buckling. Secondary fractures were obtained in many c&sea 
after buckling, however, 8s shown in figure 3(a). 

Figure 7 shows the result obtained by plotting average she&r. 
stresses 8t f8ilUre 8g8fnst ratios of D/t. The test points in the 
range of D/t ratios greater than 8bOUt 50 agree closely with the theo- 
retical solution of Batdorf, Stein, and Schildcrout for elastic buckling 
of thin-walled cylinders with simply eupported edges (reference 4). The 
curve obtained from this solution is also shown in figure 7. Using 0.33 
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as the value of Poisson's ratio cr, the above solution can be repre- 
sented for tubes of the proportion8 ueed in this investigation by the 
approximate formula:1 

F,t = 0.+)5'4(~)l'2E 

where 

E modulus of elasticity, psi 

(3) 

. 

r mean radius, in. 

L length of test section, in. 

Since the values of L/r listed in table II were nearly con&ant for 
the various tubular specimens, an average value was subetituted in 
equation (3) to obtain the corresponding curve fn figure 7. 

. 

If the modulus of elasticity E is expressed in terms of the 
modulus of elasticity in shear G, equation (3) may be written 

F st = 2m(35’4(z)‘/ 

In figure 7, equation (4) has been extended into the plastic stress 
range by substituting the ahear secant modulus G, for G. Thfe pro- 
cedure has previously been euggested as an approximate method of pre- 
dicting the critical ehear streeses for flat platee (references 5 and 6). 
Value6 of G were determined from the shear stress-strati curve shown 
in figure 10 9 a). The ahear secant-modulus curve in figure 7 gives close 
agreement with test values except for the specfmens with D/t ratios 
of 10 and 15, where the theoretical curve ie conservative by about 
10 percent. 

Also shown k figure 7 is an empirical shear-bucklfng curve based 
on tests of tubes of the lower strength aluminum alloys (reference 7). 
Except for the range of low D/t ratios the t-eat values are lower than 
this curve, the maxim= diecrepancy befog about 12 percent. 

%hie formula ia applicable when 100 < 2 jYT& lO(@T 
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The torsional strengths observed in these tests ranged from about 
5 to 25 percent higher than those obtained.in previous teets of speci- 
mena machined from m-T6 extruded tubing. The spread between the two 
sets of teet values increased with increasing ratioa of D/t. A con- 
siderable part of these differencea may be attributed, it is believed, 
to the greater uniformity in wall thickness and diameter attained in 
the specimens made from the rod. The latter were machined on both 
inside and outside, whereas the tubing specimens were machined on the 
outside only. 

In figure 10 are plotted shear stress-strain curves for the torsion 
specimens with D/t ratios of.10 and 15. Shear stress wae computed by 
equation (l), and shear &rain at the mean fiber was obtained by the 
formula: 

,,L5! 
180 L 

(51 

where I 
-. 

a shear strain at mean fiber, in./in. 

r mean radius, in. 

B total twist, deg 

L gage length over which total twist is measured, in. 

Figure 11 shows a elmilar curve for the solid round epecimen plotted in 
terma of extreme-fiber stress, assuming elastic action, again& shear 
strain at the extreme fiber. Theee e-tresses were computed by the 
equation: 

l 

8= Tr 
J 

where 

8 shear stress at extreme fiber, pei 

T torque, in-lb 

r radius, in. 

J polar moment of inertia, in.4 

(6) 

l 
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. The slopes of the straight-line portions of the curves in figures 10 
and 11 correspond to a modulus of elasticity in Shear of 3,9OO,OCXl psi. 

Compression Tests 

The ultimate stresses reached in the compressive tests of tubular 
specimens are listed in table III and plotted in figure 8. Photographs 
of the specimens after failure are shown in figures 4 and 5. In both 
SetB Of tests, with and without the thick-end section, the specimens 
failed near the end of the test section, forming from one to six buckle8 
around the circumferences, depending on the thickness. The ccxnpresaive 
strengths found in the second series of tests, with the specimens 

machined down to a 4$-inch-1~ uniform Section, were 1.5 to 7.3 per- 
cent higher than the strengths of the same specimens in the first tests. 

Ln the elastic-streee range, the theoretical buckling strength for 
a thin-walled cylinder of intermediate length and no initial defects is 
(reference 8): 

where 

F cc compressive strength, psi 

r mean radius, in. 

P POiSBOIl’ 8 rEti 

Critical compressive stresses for actual cylinders have been found to 
fall below the values given by equaticn (7) by an amomt depending upon 
the size and nature of initial imperfections in the material and the 
geometry of the cylinders (reference 9). Though numerous empirical 
expression8 for Critical Stress have been Suggested on the basis Of test 
results, they have generally berm applied to Cylinder8 with D/t ratios 
considerably greater than the values for the tubes used in these teats. 

If the expression for critical stress of the tubes of this 'mvesti- 
gation is assumed to take the form of equation (71, and the coefficient 
of Et/r is based on the average Etrer&h of the two specimens having 
a D/t ratio of about 150, which failed in the elastic-stress range of 
the material, the resulting equation is: 



8 

F cc = 0.42 $$ 
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. 

This equation is plotted with the.test results in figure 8. The coeffi- 
cient of 0.42 given above ia 31 percent lower than the theoretical value 
for perfect shells according to equation (7). It is also slightly lower 
than the coefficient of 0.45 used as a basis for determining the com- 
pressive strength of sesmlesa tubes in reference 10. 

It is pointed out in reference ll that an equation of the form of 
equation (8) may be used to predict buckling of curved magnesium-alloy 
sheet panels in the plastic stress range if the secant modulus E, is 
substituted for E. The reeult of this substitution in equation (8), 
using-the secant modulus determined from the longitudinal compressive 
stress-&rain curve in figure l.(b), is 8hOW in-figure 8. Alsd ahohin 
in figure 8 is the curve obtained by substituting the tangentmndulus Et 
for E in equation (8). In general, the test points lie closer to the 
tangent-modulus curve. 

Bending Tests 

Table IV gives the maximum loads for the beam specimens and the 
corresponding moduli of failure in bending computed by the formula: 

MC Fb = y- 

where 
l 

Fb 

M 

modulus of failure in bending,,psi 

bending moment at maximum load, in-lb 

C distance from neutral axis to extreme fiber, in. 

I moment of tiertie of cross section, in. 4 

In computing the maximum bending moment at failure for the specimens 
having D/t ratios less than 40 it was found necessary to take into 
account the shortening of the moment arm of the load due to large 
deflections. 

All specimens except the solid round specimen and the two tubea 
having D/t ratios of 10 failed by collapse of the tube wall and the 
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loads given were clearly maximum values. The loads given for the speci- 
mens which did not buckle are no doubt near the practical maximum 
although the teats were stopped when the knife edges reached the end 
of the free travel. The nature of the failures may be seen in the 
photographs of the specimens after testing (fig. 6). 

The mduli of failure in bending are plotted against D/t ratios 
in figure 9. Also shown in figure $3 are the corresponding estimated 
values of actual maximum stress at failure. The moduli of failure, of 
course, represent fictitious stresses when they exceed the proportional 
limit of the material. Values of actual maximum stress were estimated 
by calculating the maximum strain from the measured deflections and 
finding the stress COr??eBponding t0 this strain on an average BtreBB- . 

' strain curve for tension and compression. The purpose of plotting the 
values of estimated actual maximum stress in bending in figure 9 was to 
show a comparison with the COIEpreSBiVe-Strength curve from figure 8, 
baaed on tests under axial compression. The comparison indicates that 
for D/t ratios less than about 60 approximately the same maximum 
stresses were reached under the two types of loading. For a D/t ratio 
of about 80 the maximum stress indicated in the bending test W&B about 
6 percent less than that developed in cosnpression. Some previous eeri- 
ments on cylinders uith D/t ratios larger than those for the tube8 of 
this investigation have indicated critical stresses in bending appreci- 
ably greater than for axial compression (references I2 and 13). ' 

A comparison of the moduli of failure observed in these tests with 
those obtained for specimens,machined. from 75~6 extruded tubing BhowB 
good agreement in the range of low D/t ratios (from about 10 to 30) 
but higher value8 for the present teats in the range of higher D/t ratios. 
The maximum difference8 were about 25 percent. As indicated previously in 
connection with the torsion teds, the greater uniformity in dimensions 
attainable in specimens machined from the solid was probably largely 
responsible for the differences in strength noted. 

Curves of nominal maximcm bending atrees MC/I against deflection 
are plotted in figure 12 for six of the specimen8 having small D/t ratios. 
For tube8 of these proportions the maximum practical load will probably be 
limited by deflection rather than buckling. The deflection8 measured in 
the elastic-s-firesa range show reEBOn&ble agreement with calculated values 
baaed on a lnodulus of elasticity of lO,kOO,OOC pei. 

cONcLus10Ns 

The following conclusions seem justified on the basis of these tests 
of m-T6 tubular sections machined from 2-inch-diameter rolled round rod: 
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1. In view of the acceptable mechanical properties obtained for 
the material used, the relations obtained between strengths in torsion, 
compreseion, and bending and ratios of diameter to wall thickness D/t 
may be used as a tentative basis for design of members of the type 
investigated. 

2. The torsional strengths of the tube8 having D/t ratios greater 
than about 50 agreed well with the theoretical values computed for 
elastic buck.lin@; of tubes with simply supDorted edges. 

3. The torsional strengths of tubes having D/t ratios from about 
20 to 50 agreed well with values calculated by substituting the shear 
secant modulus inthe equation for elastic buckling of tubee with simply 
supported edges. The teat values for lower ratios of D/t were In 
closer agreement with the bucklFng strength8 predicted by an empFrica1 
relationship based on tests of other aluminum alloys. 

4. The compressive strengths FCC for a D/t ratio of about 1% 
were within the elastic-stress range of the material and could be 
expressed approximately by the equation FCC = O.&E%/r, where E is 
modulus of elasticity and r is mean radius. The compressive strengths 
of the specimens having smaller D/t ratios were observed to be in 
fair agreement with the curve obtained by substituting the tangent 
modulus for the modulus of elasticity in the equation. 

5. Although the moduli of failure In bending exceeded the strength8 
in axial compression for specimens with D/t ratios less than about &I, 
the estimated actual maximum bending stresses at failure were about equal 
to the compressive strengths of specimens with the same D/t ratios. The 
modulus of failure for the bending specimen with the largest D/t ratio 
wae slightly lower than the corresponding COmpressiVe-Strength value. 

-- 

Aluminum Research Laboratories 
Aluminum Company of America 

New Kensington, Pa., August 1, 1949 
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!cABu I.- MBXANICU FROPM~ OF 2-INCH-DIfX@XR 7~5~~6 ROILED ROUND ROD lBKD 

Itl’llV5Tu;ATIcW OF EYIWWFE OF Mb.CEiINED TWUIAFi SECTIOBS 

E Tensile and compressive properties are averagea for determinations made on 
three different Is!-ft lengths of rod. Shear etr~b8 are averages fm 
two determtitim. All individual etr@ determinationa vere vlthin 
4 gercent of averages 6hok-n~ 

Direction 

0.2~percent offset Shear strength 

yield(%ngth 
Tensile 8 ElKmf&ion 
etren 

hi k" 

'9";' 
a (percent 

Double 
In 4D) 

T@llBlOll Cmpreseion Shear shear TWBiOll 

IJorLg1tudlna1 b76,100 %2,mo b85,700 50,m n.3 
Traneverse =?0,000 *76,mo 

~38,000 
=~,30 49,6oa 

53,900 
8.7 

%hear etrengtb.8 determined from double-ehear teet with &eel ehesr tools and from torsion tests of 
short tubular B~ChS8. 

ktongitudinal tendIe properties +temGmd frcnn q tmdard l/2-In.-dlam. temile specbens (aee 
refcrance lh, fig. 3). 

Qngltudlnal coqpreeeive yield stmn@h detendhed from 3/4-CL-diam., 3-In.-long epecjmm. 
hear yield streqth determined from tomion teata of tubular specimm having D/t ratios of 

10 and 15. 
%‘m~everee tensile propeFtle8 determined fromA.8.T.M. standard ~./S-in.-alap~. tensile speclmem. 
%raneverse compressive yield etrength determined frcjm l/2-in.-diam., L~l.n.-long epecimenu. 

b 

, 2 . , . ’ 

1 
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T!ABIE II.- DESCRPTICEiC@'SPlE~SANDRlEUIES OFTORSIONTESTS OF m-T6 

TUBULAEI SEETIONS lUC!RBlTSl FROM 2-IBCH-DIMEITER R0IE.B ROUND ROD 

Dimenaionofreduced 
teat section 

0.L) Rata0 of Corresponding 
Ratio length af l+faxilmJm average 

lpecimn Average 
Outside wall 

n/t ' mean +y-w,T Fat 

dhmeter, thiclmeae, ym 
radius, 

L/r 

shear '3;= 3 

9 
D 

(:I 

lo 1.000 0-W & 2 2 1086 =49,m 

.ll 1.249 .l245 

12 1.153 .0765 

ii $2 14.2 33,400 

14.9 sso l3 1.111 .0555 8 20.0 15.2 353 g:zd 

1 l.EQ7 .07&I 10 20.1 13.8 
2 1.495 .0&O 10 24.9 13.9 % 
3. 1.473 -049 10 30.1 14.1 542 

pg 

4 1.448 .0360 10 40.2 14.2 363 3&m 

zi 1.433 
?EZ - 

.OW3 .0248 10 lo g-t 
7 .0175 10 80:6 

14.2 14.3 274 210 36,200 33,100 
14.4 91.5 =,- 

8 l.!z7 .w47 1135 
9 1.~8 .0765 $2 1125 :gcg I 

%fi&m.m and minimum tblckneseee measured on cut eectbns af%er tests were 
within iO.032 in. of average. 

RFor solid l.ooO-in.-diam. specimen, F,t w-at3 computed on aeelmrptian of 
uniform streee by formula Fet 5 luT/rS3. For remaining s-pecimene, F,t wae 
conrputedbypormula F,t = l2T/2*r2t Where r ie meanradi~&, In. 

CSpecimen fractured without buckling. Allother specimena failedbybuckling. 
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TABLE III.- DESCRIFTIO~ OF SPECIMENS AND RESULTS OF COMPRESSION 

TESTS OF 73%T6 TUBULAR SECTIONS MACHINEiD FROM 

. 

I 

Specimen 

. 

2-INCH-DIAMEX%R ROILED ROUND ROD 

Dimensiona of reduced 
I I 

Maximum CompresaIve 
section strees I 

1.719 0.1719 
1.478 l 0515 
1.433 .0288 
1.4lo .0176 
1.401 .ol21 
1.394 l 0093 

10.0 
28.6 
49.8 
86.1 

115.8 
149.9 

------ 
83,800 
80,300 
73,300 
g&g 

1 

lMaximum and minimum thicknesses measured on cut speci- 
mens after test were within ?O.OOl in. of average. 

2Specimens with 6-in.-long reduced section between 
shouldered ends tie shown in fig. 4. 

3Specimena having 4; -in. length as shown in fig. 5, cut 

. 

from undamaged portion 0; reduced sectFons after first tests. 

, 
. 
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TABLEi Iv.- DESCRIPTION OF SPEX!IMENS AND RESDILFS OFRENDING 

TESTS 0F 75s-~6 TuBuIdR sEam~s mxmm FROM 

2-INCH-DIAMEXXR ROLCZDRCNJNDROD 
. 

Dfmensions of reduced 
test section I 

b.) Modulus of 

Average Ratio, 

Specimen Outside D/t 
alxazum failure Fb 

wall Length, (lb) ' 
diameter, thickness, I 

b;;' 

D 6 

8 0.998 0.499 9 2 c4100 157,000 

11 1.250 01250 : 10.0 c409o 133,000 
3.2 1.154 *On0 15.0 2060 115,700 
13 1.112 -0% 8 19.9 1200 106,700 

9 l-n9 -1-W 10 10.0 c9- =3,'Too 
10 k-g .1055 10 15.0 5180 

1 
1:497 

.0-j-62 
113,O~ 

10 20.1 3290 107,100 
2 .063g lo 24.6 2500 

.049o .0366 
103,200 

2 1.473 1.447 10 10 30.1 39.5 1840 1275 *,- 

d 1.434 1.423 .w?Q .02g7 10 10 48.3 57.0 9% 

7 1.411 .01-j--7 10 79.8 

aMaximum and minimum thicknessee measured on cut sections 
after tests were within fo.002 in. of average. 

bb was computed by formula Fb = MC/I where M, bending 
moment at maximum load, in-lb; c = D/2; and I, moment of inertia 
of cro88 section, id+. 

'Load limited by deflection. All other specimens failed 
by buckling. 

l 
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(a) Tension. 

Figure l.- Strese-strati curves of 75S-T6 aJ.rminum-alloy rolled md. 
Specimen diameter: l/2 inch (for longitudkial), l/8 Inch (for . 
transverse); gage length, 4D; naminal size of rcd.2 inches. 
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(b) Coiqmsaion. 

Figure l.- Concluded. 



Figure 2.- Arrangement for tests under pure bending. 
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(b) Specimens 10 to 13. 

Figure 3.- Concluded. 

NACA FM 52125 
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~lgum 4.- 73~~6 spectiens after failure under axial compression. 
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Figure 5.- 75S-T6 specimens after retest under axial compression with 
original reinforced ends removed. 
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(a) Specimens 1 to 7. 

Rgure 6.- Specimens after failure under pure bending. 



(b) Specimens 8 to 13. 

Figure 6. - Concluded. 
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RATlO OUTSIDE DIAMETER TO WALL THICKNESS, f , FOR TEST SECTIONS 

Figure 7.- Torsion&i strengbh of tubular se&ions machined from 
7~46 rolled rod. 
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RATIO C&IDE DIAMZTER TO WALL lHICKNEss, 4 

Figure 8.- Campressive strength of tubular sections ntxbined f'rom s 
m-T6 rolled rod. 8 
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Rigum 9.- Bending strength of tubular eections machined from 
7Y-!l6 rolled rod. 
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SEAR STRAIN AT MEAN FleaP, in pw In. 

(a) Specimen 11. 

figure lo.- Shear stress-6traln curves for torsion epecI.mene 11 and 12 
machined From AS-!C6 rolled rod. 
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(b) Specimen 12. 

Figure lO.- Concluded. 
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Figure ll.- Nominal shear stress-strain curve for torsion speckten 10 
machined from US-!I% rolled rod. x 
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DEFLECTION IN 6-h LENGTH, In. 

( a) Bpecimen 8. 

Figure 12.- Stress-deflection curvea for bending specimens 8 to 13 
machined from 75S-l6 rolled rod. 
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CEFLECIION IN 9-InLENGTH, In. 

(b) Spedmens 9 and 10. 

Figure 12.: Continued. 
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LWLECTION IN 7-h. LENGTH, in. 

(c) SpeclmRrla 11, 12, and 13. 

Figure 12.- Concluded. 
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