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£B7 _-,qumma_;; NOTE WO. 9z%
DETERMTHATION OF STRESS STBAIN‘ REi,ATI" & WBo®w "~ "t - e
"OFFSET! YIELD STRENGTH VALUES
BY H_r N- H,ill W :..:_" , ::-— "

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 o
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 ) e mga e - T T o
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where ) s . — N
e unit strain ' f} L R o
S unit stress ' T ce S
B Youngts modulus .. . oot  _ . fL_ff'; @-i:%ii Co
ané -
A TR R - o R o T .
K and’‘n constants for a given curve : ST i
Ramberg and Osgood have evaluated the constants K afid n Rl
in terms of two secant yield strength values determined :
for slopes.of O.78 and 0. 85E IR St :zf E_Jrﬁa;iu._“'ffgf
SRS BRSNS LN . aIT -
Since yield strength values determined by the off~ ) al
set method are’ much more commonly used than the Becant



e _'.1\7‘5-_9-“-;-5??Gl‘%ﬂt?ﬁ:.;lj’ntaiﬂb. FQpYL THRTES
yield strengths, itcmay: et 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 ctwenyield gtraugﬁh vaTed: o T 1

A
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The eqbatipn. £or, the deviatdon of: 4he purve: from tha
initial mo ulus line can be written
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Substituting 5, ~wnd - d,, ‘and 5, “and i, into equa-.
tion (2a) gives two simultansous equations in

K and n,
which when solved for n yield the relation

log(da) (&)
log< > B

From equation (2), X

can be expressed. i ruvut T
ek
= 43 S (4)
o (gl) -
. E _ ERE L
R E - . S ; -
Substituﬁing equation (4) into equation (15 gives for. tHe
equatlon of the stress-strain curve
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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, between the slastic¢ range aid the conventional
yield strength value, which is in the region of the curve
which is of greatest significance in plastic buckling.
Substituting values of 0.001 and ©0.002 for d4; and 4z,

respectively, the stress~strain_cﬁrve can be expressed

e = 3 4 o.ooz<f§_ " | (1v)
® Sz B

in which -
0.301

e Cme |
N ' o S e
]_og(..i) e
. Sl

RATIO OF STRESS TO EFFEGTIVE MODULUS

(3a)

- - .

. In problems deallng with buckling at stresses beyond
the elastic range of the material, the significant feature
of the stress~strain curve is 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
Bn :

Formulas that give critical buckllng streSses for —F
elastic action are applicable to. buckllng In the plastic
range of the material, if the Young s modulus term (B) i
replaced by the proper effective modulus term (EF)

Theoretically, the value for rsducsd 6r effectlve mnodulus
(EF) -will always be greater than the corresponding valuse

for tangent modulus (Ep). (See reference 2)) Experience’

has indicated (reference 3) that.the use of the tangent
modulus in the Euler equation fon columns gives calculated
values for critical stress that are in reasonable agrse-
ment with test results. It 1s therefore probably somewhat
conservative and not illogical to assume, for design
purposes, that the effective modulus can be represented
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by the corresponding value of itangent modulus. If this
assumption is made, the comparative buckling strength of
various aluminum alloys in the plastic range can be
readily determined from the eguations for thelr stress-
gtrain curves. ' ' B : e

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

S .. 6D (8)

where
S eritical stress

Ep effectivé modulus corresponding to the stress s

v +

& coefficient depending on the type of member and on

the nature of the loads and restraints acting on‘.

the member or element

and

D e function of the dimensions of the pilece

In determining critical stresses in the plastic range i%
is therefore convenient to have a curve for the material,
showing stress (S) plotted against the ratio of stress ta

effective modblus Ji\, or, on the basis of the assump-
By : )
tion previously stated, against the ratio of stress to '

tangent modulus <f§€>' The comﬁarative buckling strength
Erp

of different materials can be determined 'by a comparilson
of such curves.

The ratio of stress'toltangent modulus can be.ex-
pressed .

— = = 8§ ——

8 S ds - u
s “%3% g : (s)_
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The term de/dS can ?é avaluated by differentiating equa-

6) then becomes

tion (1b); ZEquatioh

S .5 4 0.002 n<—§-> (6a)

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
(1b/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 sguare inch. TFigure 1 shows stress-straln
curves and curves of S against S/Ep for these two

alloys. A cemparison of the curves indicates that for
stresses below about 20,000 pounds per squars inch the

behavior of both materials is essentially elastic. r

Egsentially elastic action continues in alloy B up %o a
stress of about 35,000 pounds per square inch. For
stresses between 20 000 pounds per square inch and 45,000
pounds per square 1nch alloy B has lower values of S/ET

and conssequently greater buckling strength than alloy A.

Above 45,000 pounds per square inch, however, the buckling

strength of alloy A 1s 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 ths stress-strain curve,
the determination of an additional yield strength value
corresponding tb some other offset value, together 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 of the material in the plastic range.

Aluminum Research Laboratories,
Aluminum Company of Amerlca,
New Kensington, Pa., October 14, '1943.
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