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SUMMARY

Results of compressive tests on dupllicate longitudinal 'specimens
from sheets of T5S-T6 and R301-T aluminum alloys in three thicknesses
are presented as graphs of tangent modulus E;, secant modulus Eg,

and ‘/{: + %% plotted sgainst stress on & dimensionless basis.
=}

Thege functions may be used to obtain values of the plasticity coeffi-
cients referred to in "A Unified Theory of Plastic Buckling of Columms
and Plates" by Elbridge Z. Stowell (NACA Rep. 898). In Stowell'!s theory
the critical stress computed for the elastic case is multiplied by the
appropriate plasticity coefficlent to glve the criticsl stress for the
plastic case.

INTRODUCTION

It is customary, in computing critical stresses for columns stressed
in the plastic range, to replace, In the Euler formula, Young's modulus E
by an effective modulus Eg. Sometimes the tangent modulus E, or the
secant modulus Eg; is used. From theoretical considerations, Stowell
has proposed in reference 1 various effectlive moduli depending on the
conditions of loading. These are given in dimensionless form In teble 1
as 1, <the ratlio by which the critical siress for the plastic case is
to be multiplied to obtaln the critical stress for the plastic case.
(Also, n may be defined as the ratlio of effective modulus to Young's
modulus.) Values of 7 renge from E;/E to Eg/E with intermediate
values determined from various comblnstions of the two and \ /ll- 2 -E-"'\-r-

. Eg

The latter can also be used to find general expressions for the plasticity
reduction factor n vwhich apply to H-sectlons with certain dimensional
ratios (reference 2).



2 NACA BM 51G1l

This report shows graphs of = E;/E, Eg/E, and % ¥ % gﬁ plotted
8

against o, the ratio of stress s to secant yleld strength (O.T7E) 815

for compressive specimens loaded in.the direction of rolling (longitudinal)
from sheets of sluminum alloys T75S-T6 and R301-T in three thicknesses.

The data from which these graphs were derived were reported in refer-
ences 3 and k. -

Graphe for alclad sheet (references 5 to 8) are not included since
the methods proposed by Stowell in reference 1 are not appliceble when
the clad coating 1s soft (see reference 9). Although eluminum-alloy
R301~T sheet is clad, the cladding 1s a strong alloy of aluminum. It
was aggumed thet for this material the cledding would be strong enough
to make the methods of reference 1 approximately correct. However, the
curvegs for the R301-T sheet can be expected to give values of critical
buckling stress.-a little too high in the. region from sbout o = 0.4 to 0.9,
particularly for the thinner gages.

This project, conducted at the Naetional Bureasu of Standards, was
spongored by snd conducted with the financlal asgglstance of the
National Advisory Committee for Aeroneutics.

MATERIAL

The alumimm-alloy 758-T6 sheet was obtained from the Aluminum
Company of America. It was received in the heat-treated and artificially
aged condition designated T (now T6). The sheet thicknesses were 0.032,
0.06k4, and 0.125 inch.

The eluminum-glloy R301-T sheet was obtained from the Reynolds
Metals Company. It was recelved 1n the heat-treated and artificially
aged condition designated by T. The sheet thicknesses were 0.020,

0.032, and 0.064 inch. The nominal thickness of cladding on each side
emounted to 10, 7.5, and 5 percent, respectively, of the sheet thickness.

DATA

The deta are shown in dimenslonless stress-gtraln graphs in refer-
ences 3 and 4. The datas were obtained from tests made on two longi-
tudinal (in direction of rolling) specimens from a sheet of each thickness.
The specimens were rectangular strips 0.50 inch wlde by 2.25 inches long.
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The tests were madé in a 50-kip capacity beam-and-poise screw=type
testing maching using the 0 to 5 kip scale range. The specimens were,
tested between hardenefl~steel bearing blocks in the suhpress described
in reference 10. ILateral support against premature buckling was
furnished by lubricated solid guides as described in reference 11. The
strain wes measured with a pailr of l-inch Tuckermen opticael sirain gages
attached to opposlite edge faces of the specimen. The rste of loading
was sbout 2 ksi per minute. .

GRAPHS

The graphs are shown in figures 1 to 6. They glve curves of Et/E,

ES/E, and \/ﬁ—+ %-EE -plotted against o vhere o = g/gl, s 1s stress,
end s, 1is secant yleld strength (0.TE}. Values of s; and E are

given in the graphs. They are the averages of the experimental values
for pairs of specimens ag given in table 2. Each individual value of
Young's modulus was teken as the slope of & least-squares straight line
fitted to the stress—strain curve below the beginning of the knee.

The tangent-modulﬁs curves were each Pltted to a plot of ratios of
increment in o +to increment in ¢ (¢ = Strain X q/sl) for successive

points, each plotted against the average value of o. The tangent-
modulus curves in figures 1, 2, and 3 are those shown in figures 15, 17,
and 19, respectively, of reference 3. The tangent-modulus curves in
figures 4, 5, and 6 asre faired through values plotted from the data used
in preparing the compressive stress—strain curves showvn in figures 1, 8,
and 15, respectively, of reference &, Individual measured values are
not shown in figures 1 to 6; however, they differed from the falred
curves by less than 0.03 in E./E except for a few points on each curve
where the messured values differed from the felred curves shown by as
much as O.1l. An indication of the fit of the curves to the points can
be obtained from the graphs of tangent modulus in references 3 and 4.
The values of tangent modulus increased with o 1n the elastic range,
the initial value being a little below the average determined by least

squares.

The secant-modulus curves were each fitted to a plot of ratios
of o to € rplotted against o. Secant- and tangent-modulus curves
wvere drawn through a common origin. The secant-modulus graph has less
slope than the tangent-modulus graph at low values of .

The %-+ E-gt curves were plotted from velues calculated from
s

corresponding values of Et/E and E&/E obtained from the curves.
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Thege curves started at 1 for o = O and rose slightly at low values
of o.

EXAMPLE

A long plate of sluminum-slloy 75S-T6 sheet, having a thickness h
of 0.1875 inch, a width b of L4 inches, a modulus of elasticity in
compression E of 10,500 ksi, and a secant yield strength (O.TE) 8y

of T2 ksi, is loaded in compresslon st the ends with the unloaded edges
gimply supported. It is desired to estimate the criticsal buckling

stress 8.y Of the plate. '

For the elastic case, Timoshenko (reference 12, p. 331) gives
8. = 2
cr = 151 « v2)u2
where Xk is a constant depending on the plate dimensions and v 1is

Polsson's ratlio. 1In the plestic range, E is replaced by the effective
modulus E. glving

(1)

= kﬂaEehz (1a)
12(1 - va)bz

8cr

Setting o, = scr/sl and teking k = 4 for a long simply supported

plate, Vv = 1/3, =nd the other numerical constants as previously glven,
equation (la) can be written as

2
Oy = 3.70 -SEI- %E e - 1,106, /5 (2)

This line is plotted as the dashed line in figure 7. The value of ¢
for which o = 1.186Ee/E 1s the buckling velue o.,. To determine this

value a curve of Eo/E against o¢ must be plotted. For the condition
of loeding in this example, table 1 gives the following relation for

computing E,/E from E, Eg, and Et:

5-3G1ViiE) 2

Teking the values of Eg/E end Ey/E; = (Et/E)/(E/E) from figure 3, A

for the best approximstion to the material used in this example, the
value of Ee/E was computed for two values of o¢. These values are
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shown as points in figure 7. The curve jolning these points inter=
sects the dashed line representing equation (2) at the value ¢ eqgual

to 0Ogp = 0.91. Portions of the curves of E_/E and \ /'l]f + .E %li. from
S

Tlgure 3 were plotted to asslist in choosing values of ¢ in the neighbor-

hood of o, for the detailed computations. Since 0, = s.p/51

8oy = 810cp = T2 ksl X 0.91 = 65.5 ksi

which 1s the critical buckling stress that was to be estimated.

National Bureau of Standards
Washington, D. C., February 12, 1951
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TABLE 1.-RATIOS OF EFFECTIVE MODULUS TO YOUNG'S

MODULUS FOR COLUMNS AND PLATES UNDER VARTOUS

CONDITIONS OF LOADING (FROM REFERENCE 1)

[?, Young's_modulus; E., tangent modulus; E;, secant modulus;
E,, effective modulus; I, length; b, iidth]

" structure

-3

Iong flange, one
unloaded edge
simply supported

ILong flange, one
unloaded edge
clamped

Long plates, both
unloaded edges
simply supported

Long plete, both
unloaded edges
clamped

Short plate
loaded as a

column, %--4( 1

Bquare plate .
loaded &5 &

column, %-= 1

Iong column, %->> 1
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TABLE 2.-EXPERIMENTAL VALUES OF YOUNG'S

MODULUS AND SECANT YIELD STRENGTH

Young's Secant yleld
Specimen mod:;lus s streng:: (0.7E),
(ksi) (xsi)
T56-T6
032~C1L 10,650 Th.9
032-C2L 10,650 75.1
Average 10,650 75.0
064-C1L 10,630 T1L.9
064-C2L 10,640 72.8
Average 10,630 72.3
125-C1L 10,570 T7.2
125-C2L 10,580 T7.5
Average 10,570 TT1.3
R301-.T

020-~C1L 10,780 61. k%
020-C2L 10,770 61.2
Average 10, 780 61.3
032-C1lL 10,750 6h.6
032-C2L 10,Tho 6.5
Average 10,750 6k, 6
064~C1L 10,790 62.1
064~C2L 10,800 62.2
Average 10,790 62.1

é
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Figure |.- Dimensionless graphs for estimating plastic buckling stress
for aluminum=-alloy 75S-T6 sheet 0.032 inch thick.
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Figure 2.~ Dimensionless graphs for estimating plastic buckling stress
for aluminum—=alloy 75S-T6 sheet 0.064 inch thick.
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Young's modulus, E 10,570 ksi
> Secant yield strength (0.7 E), s, 77.3 ksi
\
0o .
0 .2 4 .6 .8 i.O 1.2
o=*s/s,

Figure 3.- Dimensionless graphs for estimating plastic buckling stress
for aluminum-alloy 75S-T6 sheet 0.125 inch thick.
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Figure 4.-Dimensionless graphs for 'estimoting plastic buckling stress
for aluminum-alloy R30I1-T sheet 0.020 inch thick.
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Figure 5.- Dimensionless graphs for estimating plastic buckling stress
for aluminum-alloy R30I-T sheet 0.032 inch thick.
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Figure 6.- Dimensionless graphs for estimating plastic buckling stress
for aluminum=-alloy R30I1-T sheet 0.064 inch thick.
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Figure 7.- Dimensionless graph illustrating use of Figure 3 in estimating
buckling strength of ¢ long plate with simply supporied edges,

NACA-Langley - 0-20-51 - 32§



[



