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In the October 1927 issue of "Engineering News-Record, Earle B.

Norris, Dean of Engineering of Montana State College presented his ern-

pirical equation for plastic flow of steel which had teen cold worked.

It is —00 1%

+Q2'lpr' X T

in which T is the tensil strength, x is the percentage decrease in di-

ameter and S is true stress. As shown in Figure 3 which accompanies his

article, this curve, when plotted for various steels, follows very closely

the stress-strain curve plotted from experimental observations during

the cold workings of the same steels. Undoubtedly this is very close to

a general one which would fit all cases, but quoting Dean Norris, "From

my empirical equation it would appear that resistance to plastic flow
is combination of a logarthmic or expotential function and a linear
function of deformation the former predominating up to the ultimate ten-
sil strength, as ordinarily determined, while the linear function takes
control at higher true stresses.

In this work, an attempt was made to derive an equation from assump-

tions as to the nature of the relationship between stresses and strains,

in the hopes that a comparatively simple function might be found which

would fit the experimental data. Steel T - 9.1 was the specific specimen

from which data, as tabulated, was taken] Figure | is a curve oi true

stress from t is experimental data.

Assuming tbrt Hooke's law hold, the elongation per unit length is

proportional to the force on unit area. Letting I~, and d* be the

original area, length, and diameter respectively and ., I, and d the
new area, length, and diameter respectively then
-Al = VIIE-l to

a a.f
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STEEL T - 9.1

P A P/A T dD% e i

8600 +200 43000 0 Y.P.

7400 2196 37740 1.07 .0206 - lm850,006
9600 192 50110 2.1 <0417 2 400,000
11400 2188 | 60648 B¥13: »0639 2,850,000
12400 2183 67704 4,42 .094 2,480,000
12900 179 72240 5.48 .1123 3,225,000
13100 175 74670 6.55 .1429 3,275,000
13200 2170 77616 7.93 1765 2,640,000
13300 21684 81130 9450) 02195 2,216,660

)Ult.

13300 0156 85386 11.7 ) .282 1,662,500
13100 2143 91700 15.3 ) .3986 1,007,000
12500 .128 97500 20.0 .5645 830,000°
11600 .108 107416 26,5 -852 580,000
10100 .080 126250 36.8' 1,500

360,070
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where ellis the total elongation. When e is'the elongation per unit

length and x is the percentage decrease in diameter
d,- 4 g '
1'—"———4‘:—"—: 1\ — ’r‘_;_e (Z)

€ = R B | (@)

By Hooke's law

or

1 -1 =YV y
a—- ¥-)1 . . (-4)

Figure 2, the curve plotted from equation (4) indicates a parabola re-
volving about the y axis and not conforming to conditions as they
'actually existed as were plotted in Figure Te

The defining equation of Young's modulus E, is
v =kl &)
Ae.

and now it is assumed that B is a constant. From Previéus notations,

(L redt

e, = b)
v TR A ¢
or
e- ¥ Ore)t )
T A, N
Then

AV (I:V(E)i

p)
¥ A, ®

AC:

From equation (2) - '
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Then

de = ‘_(T"_g_—.—x‘_)‘?, ‘d')ﬂ (IO)

Substituting the values of equations (9) and (10) in equation (8), it

is
dy = - S

V=% , E A,

(10,)

"Since A is-the original area, TA, may be expressed as K, a constant.

fIntegrating (10) it is

-2+ ¢ = £

K

or

T

27%_752. - :r;__ ) (rez)
Figure 3 is the curve plotted from equation (lqg but‘again‘this does
not conform to Figure I.

Using equation (5), the modulus was calculated at each'suocessive |
,stage of elongation for several specimens of steel. Figure 4 shows the
curves plotted, using-the modulus as ordinate and area as abscissa; in
each case it was noted that the modulus of maximum value was attained
vefore the gpeoimen reached the ultimate tensil strength.

Assuming E to be a function of e, a curve was ploﬂted for the T - 9.1
sfeel (Figure 5) whgre B was again the ordinate, and the elongation e,
the abscissa. Selecting three widely separated pointg_(eZn.OZ; e=;.14;
e= .56) an attempt was made to derive a cubic equation'which wouid satisgw
£y all points on the curve and Ehus account for the change which occurred
in B according to eguation (5); this was not accomplished. A quartic
wag the considered using the same three éoints,aqd the slopes at ez.02

and ez.14;from equation (5)
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T CoeveX (n)
e, -

d v'CV. +
Ee, de, v ¢ 1la)
AlX1
Assume that
*
iT(s) - e, c*a)
and " ,
- a . ~ag® +ane.3+ & f*4)
Then.

cibY)
. £ ae+a,e*+a*e- +a &-4+a
fie,D -

Equation (15) was solved and the values of the constants calculated
for the T - 9.1 steel, hut the quartic did not satisfy the points of
the curve which showed the variation in E.

Considering the experimental data in hand it was not found possible
to derive a simple equation, based on the above assumptions, which would
satisfy the actual observations as well as did the equation contribut-

ed by Dean Norris.
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