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The shape of the stress—straisd curve for a material
ies sometimes of considerable.interest to the designing
engineer. This is particularly true when he is dealing
with members or elements subjected to compression, which
become unstable at stresses beyond the elastic range. It
is obvious that the two compreseive properties comm)inly
recorded (modulus of elasticity and yield strength) are
insufficient to define the shape of the stress—strain '
curve. : el

Ramberg and Osgond (referemce 1) have u'sed the fol-
lowing three-parameter ‘aquation feor expréssing the '
relatlion bstween stregs and strain for sbtresses up %0 &
value slightly greater than the yield strength of the

materlal ) o aefd s CoTTI L
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where ) s . —
8 unit strain ' f} R . P, .
s unit stress i T
B Youngts modulus .. . oot  _ . fL_ff'; @-i:%ii Co
et ~
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K and’‘n constants for a given curve : Crmeel— D
Ramberg and Osgood have evaluated the constants K afid n Rl
in terms of two secant yield strength values determined :
for slopes.of O0.7E and 0. 85E Pt T :t.;"- R R -*wf;iu el
CARES AR S : < ==
Slnce yield strength values determined by the off~ i T
set method are’ much more commonly used than the Becant
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yield strengths, itpmay:pe: af13t.886E¢ 0 note that the
constants X and

n in equation (1) can be readily
evaluated in terms of two offset yleld stren

%ﬁh values.
Consider ctwoyield gtraugﬁh vA e T 1
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The eqbatipn. £oF, the deviatdon of: 4he purve: from tha
initial mo ulus line can be written
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from whieh. i ;.- -0 :

s . lég-d = log K +:.n ieg(‘i-) P

Substituting él'

" (Ra) .

#nd - d;, ‘and” S, "and’ 45 into equa-. .
tion (2a) gives two simultaneous equations in X and n,
which when solved for n yield the relation

1og<d3> o
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can be expressed. i -rivt
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Substituﬁing equation (4) into equation (15 gives for. tHa'
equatlon of the stress-strain curve

From equation (2), K
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the value~f0r_ n being given by equation (3) ' e

A logical offset value to use ‘for dehermining yield
strength, in &ddition "t o ‘the commonly used value of
0.002 (dz), would be half this value or 0.001 (d4;). This
offset value will locate a point on the stress-strain
curve, betweenl the slastic¢ range afid the conventional
vyield strength value, which is in the region of the curve
which is of sgreatest significance in plastic buckling.
Substituting values of 0.001 and ©0.002 for d&; and 4z,

respectively, the stress~strain_cﬁrve can be expressed

e =3 4 o.ooz<_§. 2 ' (1v)
5 So S

in which -
. 0,301 ) '
L B e , ~ (3a)

o ' - 8 L e L
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RATIO OF STRESS TO EFFECTIVE MODULUS

_..,_'_- - awl

. In problems deallng with buckling at stresses beyond
the elastic range of the material, the significant feature
of the stress~strain curve ig the relation between the
stress .and-the slope of the ¢irve at that stress. The -
?1o§e of the curve is commonly called the tangent modulus
Eq

e T e -
-

Formulas that give critical buckllhgfséigsses for —F
elastic action are applicable to. buckllng in the plastic

range of the material, if the Young s médulus term (B) is
replaced by the proper effective modulus term (Eg).

Theoretically, the value for rsduced 6r effectlve modulus
(Ep) -will always be greater than the corresponding- value

for tangent modulus (Bp). (8ee reference 2) Experience
hae indicated (reference 3) that.the use of the tangent
modulus in the Euler equation for columns gives calculated
values for critical stress that are in reasonable agrse-
ment with test results. It is therefore probably somewhat
conservative and not illogical to assume, for design
purposes, that the effective modulus can be represented

el

—— N



TECHNICAL LIBRARY

4 ¥ACA Technical Note No. 927 -

by the corresponding value of tangent modulus.  If this
assumption is made, the comparative buckling strength of
various aluminum alloys in the plastic range can ba
readlly determined from bhe equations for their stress-

strain curves. ‘

In general,-any.buckling'equation cén be expressed -
in the form ' . o : oo '

S _ 6p (5)
By : , ]

where

S eritical stress

Ep effective modulus corresponding to the stress s

v ‘

& coefficlent depending bdbn the type of member and on

the nature of the loads and restraints acting on'.

the member or elsment

and

D e function of the dimemsions of the plece

In determining critical stresses in the plastic range it
is therefore convenient to have a curve for the material,
showing sbtress (S) plotted againsf the ratio of stress to

s )

Er
tion previously stated, against the ratio of stress to

effective modtlus ( or, on the basis of the assump-

tangent modulus < \\ The comparative buckling strength
Egp/

of different materials can be determined by a comparison
of such curves.

The ratio of stress to tansgent modulus can be ex-
rressed .

=S-;. " o (6)
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The term de/dS can ?é avaluated by differentiating equa-
tion (1b); Bquation (B) then becomss

S .5 4 0.002 n<—§-> (6a)
E \s, |

In order to demonstrate the effect of the shape of
the stress-strain curve on the buckling strength in the
plastic range, con31der two alloys having ‘the properties
shown In the following tabdble:

Yield strength Yield estrength S5
" at 0.002 off- at 0.001 off- _=
tloy set, Sz set, Si S, B
(1v/sq in.) (1b/sq in.) - _
A 50,000 43,000 "1.163 4.59
B 50,000 48,000 1.042 16.8

Both alloys have a modulus of elasticity of 10,000,000
pounds per square inch. Figure 1 shows stress-strain
curves and curves of S against S/Ep for these two

alloys. 4 cemparison of the curves indicates that for
stresses below about 20,000 pounds per square inch the
behavior of both materials is essentially elastic. ¥
Egsentially elastic action continues in alloy B up %o a
stress of about 35,000 pounds per sguare inch. TFor
stresses between 20 000 pounds per square inch and 45,000
pounds per square 1nch alloy B has lower values of S/ET

and consequently greater buckling strength than alloy A.
Above 45,000 pounds per square inch, however, the buckling
strength of alloy A 1is greater than that of alloy 3B.

It 18 evident that whereas a knowledge of the yield
strength (stress at 0.002 offset) of a material is in-
adequate to define the shape of the stress-strain curve,
the determination of an additional yield strength value
corresponding tb some other offsst value, togsether with
the Young's modulus of the materiai may provide sufficient
additional information for evaluating the stress-strain
relation and consequently for determining the buckling
resistance o0f the material in the plastic range.

Aluminum Resesarch Laboratories,
Aluminum Company of Amer;ca,
New Kensington, Pa., October 14, '1943.
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Figura 1.— 8tresg-strain and strese- B/ET curvea for two alloys having the same modulus and the same yield strength
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