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Résumé
(1) As stated in the previous two papers (Plastic deformation of ice, I and II), the
stress in a plate of ice crystal begins to relax when movement is stopped of the metal plate
attached to its end for compression. If time ¢ is counted from the moment the compression
is stopped, between f and the reciprocal of the relaxing stress r (shear stress on the basal
plane of the ice crystal) there is found the relationship
‘1 1

= T tAb (1)

as shown by the straight lines in Fig. 1 of the text. 7z is the value of = at £=0.

In order to indicate how fast the stress relaxes, the relaxation half time 4 in which the
stress is reduced to half its initial value t5 shall be introduced. 2 is found to depend wpon
e as well as upon @, the angle between the c-axis of the ice crystal and the direction of v
compression. The larger 75 is, the shorter 4 becomes. When #=0°, that is, when the ice
crystal is so placed to have its ¢-axis in the direction of compression, A is found to be 2
hours at —10°C, while it comes to be as long as 24 hours in case of #=90° at the same
temperature. But, excluding the cases of the above two special angles, 4 is short; for
instance, A lies within the range 5~10 minutes when # is near 45°

(2) Fig. 2 of the text shows schematically how the dislocations in the basal planes of
the ice crystal disappear during the period of stress relaxation. Even when the metal plate
P stops moving in the state of figure b, the ice plate is still shortening due to the slips on
the basal planes caused by the shear stress 7, with the result that the metal plate Q at
the right end of the ice plate begins to move leftwards. With that leftwards motion of
plate Q, the force F on the measuring device (not shown in the figure) joined to the right
end of rod R diminishes in proportion to the displacement D-of plate Q. Since F is pro-
portional to o, the normal stress in the ice plate in the direction of compression, and, since
D is linearly dependent upon e, the strain of contraction of the ice plate, there holds the

relationship

Ne

- o (2)

As plate Q moves to the left the stress ¢ weakens and Frank-Read sources one after
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another discontinue generating dislocations beginning with the source of the shortest length.
Iy, the basal planes with such Frank-Read source stopping to slip at the same time. In
figure ¢ of Fig. 2, the generation of dislocations from the Frank-Read sources were stopped
in the basal planes marked sy and s; and only partial slips are occurring in them. In
figure d, all the basal planes but one have ceased slipping.

The longest Frank-Read source of length [/, stops generating .dislocations when the
shear stress acting on it is reduced to the critical shear stress 7, introduced in the previous
paper. Therefore, all the basal planes .come to a standstill and the ice plate ceases to
contract when ¢ drops to the value ¢,=1./sin¢ cosf. ’

Let it be supposed that r has been reduced from ty (=7z) to r; and the Frank-Read
“sources having lengths ranging from Iy to /; have already stopped generating dislocations,
Here 7x is assumed to be equal to 'ty which shear stress is the steady one causing the
steady flow of the ice plate represented by horizontal part BC of the curve in Fig. 1 of
the previous paper. In addition to that, ii is assumed that z; is not far below ry or rz
and consequently the slipping basal planes have decreased in number by so little that their
number is almost the same Ny as at the beginning of relaxation. Under those assumptions
equations (1), (3) and (4) of the previous paper take the shape of

. _ Nywv;7;sinl
T tGéE. ’
I TGB  (v;—7.)

J = k Tj >
Ny = k(ty—r1.) & cost.

From those equations, using the general relation =0 sind cost/, one can deduce the differ-

ential equation

¢ = {f(9r—9.)(sin 20)/16} (¢ —0 ) (3)
The combination of this equation with the above equation (2) of the present paper gives
6=a (a~dc)2 ( 4 )

a being a constant equal to 3(0z—0,)(sin 20)*/(16 a’). With the initial condition that ¢=04
‘at =0, equation (4) yields the solution

1 1 .
o—a, al+ Op—0, : (5)

<

In the early stage of relaxation that is being considered here, ¢ is usually much larger

than ¢,. Then equation (5) can be written as

J O'R
which is the same form as equation (1) obtained by the experiments.
(3) The formula for the relaxation half time defined above in article (1) is obtained

from equation (6) as
16 a* 1
Blsm207 0% (7)

In Fig. 3 4 is plotted against 1/%; the experimental results agree well with equation (7).

A=
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... As stated in-article (1) 4 is not more. than 10 minutes: for #=45° while it becomes. as

large -as 2 hours for #=0° and 24 hours for #=90°. In accord with. these experimental

results equation (7) gives a minimum value at-6#=45° and .infinitely large values at #=0°-and
d=90°. . , ' .
" (4) Compression experiments made on plates of polycrystalline ice cut out from large
blocks of commercial ice gave curves of relation which can be formulated as .

6 =B—Alogl. - . ’ (8

As shown in F1g 4 the expenmental results agree very “well w1th thlS equatlon Equatioh
8) combmed ‘with equation (2 gives

= k eﬂ"

arelation of the same form as that used often for-explaining the phenomena of recovery
of polycrystallme metals. : '



