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Three-Shear Theory of Plasticity
By Fujio NAKANISHI and Yasuo SATO

Hysteresis loops and anisotropy due to plastic deformations were studied, and
the conclusions are as follows:—
1. Plastic deformation is to be devided into shears in three directions, and
each shear must be considered individually.
2. Individual resistances in three directions, R, R;, Rs, are equal in magni-
tude, or
Ri=R;=R;=R
3. The stress range of elastic deformation in any direction, when the direc-
tion of shear is reversed, is R.
4, The resistances R;, Rz, Rs, do not correspond to the shearing stresses 7y,
Ts, T3, but they correspond to such shearing stresses Si, Sz, S3, as
S3— 82 =0s—0m,
S1—Ss=0y—0n,
Se—S1=0,—0n,
where, ¢,, oy, 0., are the principal stresses, and o, is the mean stress.
The above conclusions are the authors’ new theory of plasticity.
By this theory the following experimental facts can be accounted for.
1. The relation between tension and pure shear.
2. Hysteresis loops.
3. Anisotropy due to plastic deformations.

4, The relation between the yield point of mild steel and the plastic defor-
mation after that.
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Anisotropy Due to Plastic Deformation
By Fujio NAKANISHI and Yasuo SATO

A new theory of plasticity was advanced to account for various experimental
facts, and it was explained in the previous paper that the experiments on the
stress relation between tension and pure shear agreed very well with this theory,
and that the relation between the yielding of mild steel and the plastic deformation
after that could be also accounted for. In this paper, the theory was compared
with experiments on the anisotropy due to plastic deformation.

The author’s theory is as follows:

1. The plastic deformation is to be divided into shears in 3 directions, and
each shear is to be considered individually.

2. Let the resistances to the strain increases in the 3 directions be Ry, R:
and Rj respectively, then

R;=R;=R3=R
provided that the directions of principal stresses and those of principal strains
coincide.

3. When the direction of shear strain is reversed, the stress range of elastic
deformation is R concerning each direction.

4. Ry, Rs; and Rs do not correspond to the shearing stresses i, 72 and 73,
but they correspond to such shearing stresses Si, Sz and S as

O —0n=>Ss—3S2
oy—0n=51—35s
Or—0n==5—S1
where, o4, o, and o, are principal stresses, and o, i1s the mean stress.

Concerning each direction, this theory is a shearing stress theory ; the shearing
stress in this case is not ¢ but S.

Anisotropy due to plastic deformations can also be accounted for by this theory.
Experiments were carried out for comparison. Thin hollow cylinders of brass
were at first deformed plastically under (a) internal pressure, (b) combined tension
and internal pressure, the ratio being such that the plastic strain was a pure shear

of longitudinal elongation, (c) temsion, and (d) combined tension and internal

* §EFn 39 7 A8 HZA
= PR
EE gy P EE
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pressure, the ratio being such that the plastic strain was a compression in the direction
of thickness, and unloaded. Then the cylinders were again subjected to internal
pressure, and longitudinal and circumferential elongations were measured. The
stress-strain relation conformed very closely to the theory.
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Influence of Intermediate Principal Stress on Plastic Flow
By Fujio NAKANISHI and Yasuo SATO

Let o1, 02 and o3 (61>02>03) be the principal stresses, and o3=0. Taking
o1 and o2 as the axes, the limit over which the plastic flow may occur is not
expressed by a smooth curve by the authors’ theory, but under the stress field
between tension and pure shear, it is expressed by two straight lines which
abruptly bend at oi1=40%3.

Experiments were. carried out. The results show that there is a sudden bent

as expected a ccording to the authors’ theory.
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Strain Ratio Relationship in Plastic Deformation

By Fujio NAKANISHI and Yasuo SATO

In plastic deformation, it is generally assumed that the shear strains 71, 72

and 73 are proportional to the shearing stresses i, 72 and 75. But the experiments

by Lode and also the experiments by Taylor and Quinney show that this assump-

tion is not correct. The way of deformation such as shown by experiments,

however, is not yet accounted for.

A new theory on plasticity has been advanced by the authors, and it was

already explained that, not only the relation between plastic stresses under various

states of stress, but also the forms of hysteresis curves, anisotropy due to plastic

deformation, and the relation between the yielding of mild steel and the deforma-

tion beyond that could be well accounted for by this theory.

As for the strain ratio relationship this theory also conforms very closely

with the experiments.
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