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Résumé

From the lower half of the vertical wall of a hole dug in a snow cover about 1 m
20 cm high the snow was taken away so as to make a rectangular cave which was 1 m
wide, 1m high and 27 m deep. A wooden beam was placed from below against the
ceiling of the cave along its centre line; the weight with which the ceiling pressed upon -
the beam was observed. The beam was not of one piece; it was separated at its centre
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and jointed there so as to be bent freely. Both the ends of the beam were supported
by wooden pillars while the central joint was put on the top of a proving ring (an in-
strument for indicating force), half of the weight of the ceiling being indicated by it.
The end pillars and the proving ring were each stood upon three screw jacks standing
on a firm wooden bench (Fig. 3 in the text). .

At first the beam was forced up by the screw jacks, until the force indicated by
the proving ring rose to 250 kg. Immediately the force began to decline rapidly but
after several hours its decreasing rate became gradually small finally to be reduced to
nil. Then it changed its course to increase finally approaching to a value asymptotically
(experiment A). At this state the beam was forced up again to increase the force on
the force meter by 500 kg. In this case the force decreased monotonously towards the
value which was almost the same as that it had had before the second lift of the beam
{Experiment B;. Thirdly, the beam was lowered until the force on it became zero. The
force gradually increased with decreasing rate {(Experiment C). The course of change
in the force is graphed in Fig. 4. It was founc that the mode of change in the force
can be expressed by the equation ‘

F = 221 +279 exp {—(¢/60.7,°-1%} kg (1)
for experiment B and by
F = 227+ 220 exp (—1/176) kg

for experiment C, ¢ being the time counted by minutes from the beginning of each ex-
periment.

As to the above briefly described three cases, it is assumed that the relaxation of
force F is expressed by the equation

F = 3 a;exp(—t/ro). (3)

The relaxation time v; and the coefficient a; of its relaxation function are obtained
by an approximation method. ‘The graphs of the term exp{(—1?) and its derivative by
—log 1, that is, —f(t)=—d exp (—1)/d (log t) against log!{ are shown in Fig. 6. Consid-
ering that the graph —f (¢) against log ¢ hzs the maximum value 0.847 at {=1 and com-
pletly coincides with —f(2/r;) vyith the shift along the abscissa by log r; without changing
its shape, the graphs F'=dF/d (log ¢) shown in Fig. 7 (a), (b) and (c) are easily represented
by the sum of the hills 23 b, f({/r;) as shown by the dotted line and the broken lines in
Fig. 7 (b). From the maximum value b; and the abscissa f; giving the maximum, a;=
—b;/0.847 and t;=1?; can bte obtained. Thus, the relaxation times 0.1 min, 1 min, 18min,
190 min and their coefficients are obtained. They are shown in Table 1. It is seen
from this table that in experiment A, on!y the largest relaxation time has a negative
coefficients; in experiment B, all relaxation times have positive coefficients; in experi-
ment C, only the largest relaxation time has a large negative coefficient and other
relaxation time have coefficients of practically zero.

These three cases can be explained by a model of the mechanical system. As
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shown in Fig. 8, the system can be considered in which the snow cover aboye the ceiling
denoted by W is not only supported by the beam, but also is suspended at the plane
PQ by shearing stress of the surrounding snow cover S. The suspension at the plane
PQ can be substituted by the model constructed of the parallel connection of many
Maxwell bodies having different relaxation times. For the sake of convenience in order
to grasp the characteristic feature of the curve representing the change of force, a
model is considered as shown in Fig. 9; here PQ plane in Fig. 8is substituted by three
Maxwell bodies having relaxation times approximately 1 minute, 10 minutes and 100
minutes respectively.

Let us consider experiment A using the model of Fig. 9. At first, the weight W
had been suspended for a long time by PQ, that is, by three bodies and each body had
borne a part of the weight w, (the weight of W) proportional to its viscosity 7,. If W
was pushed up with a force w,, at this time each body would carry a part of the force
w; proportional to the elasticity E;. The stress borne by each body relaxed with time
and became zero. Thus the force F supporting W is represented by equation

F=w,—2} {77—;. w,— %i— wi} exp (—i/ty)

where Y=%,+%,+%, Z=FE +E,+E.
If it be taken w,= % w,

7, = 1,/20 = 7,'300 = 10" dyne min/cm?,
E, = E,2 = E;3 = 10" dyne/cm?, (5)

then 7,=1,/10=1;/100=1 min and equation (4) becomes

F = w, {14+0.20 exp (—#/1)+0.34 exp (—#/10)—0.34 exp (-—2/100)}. (5)
From this equation it is found that the coefficient of the f{unction having the largest
relaxation time is negative differing from the sign of other coefficients. This coincides
with the fact of case A. After the experiment-of case A, the weight has been sup-
ported by the force F=uw, At this state, if the weiget is pushed up by F=uw,+w;, the
newly added force w, will relax with time and the change of F will be shown by the
equation

F= w0+§}—%— w, exp (—1/zy). (7)

This equation shows that the force decreased monotonously from w,+w; to w, In
experiment B this is just what happened.

Case C is slightly complicated. In the above reasoning for case B, if the newly
added force w, is equal to —uw, it will be found from equation (7) that the force F
changes from zero to w,, and the coefficient of the relaxation function for each relaxa-
tion time is proportional to the elastic constant of each body. That is to say, as the
magnitudes of elastic constants of three bodies are similar, the change of force appears
as a phenomenon containing all relaxation times in contradiction to the experimental
results of case C. Thus, with this reasoning, the phenomenon of case C can not be
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explained. If the beam supporting W be lowered and no longer used to silpport the
ceiling for a long time, then the weight w, will be borne by each Maxwell body in pro-
portion to its respective viscosity. Then if the beam be elevated and set to support the
ceiling again, the increase of force F will be shown by the equation

M;
Y
As the values of viscosity are different from each other in order of magnitude, only the
term proportional to the largest viscosity remains practicaily, that is, only the phe-
nomenon of the largest relaxation time is observed. This is the case of experiment C.
The time while the weight W must have been suspended for the transition from the
state in which the stresses are controlled by elastisity to the one controlled by viscosity
is not very long. From the calculation with the constants #; and E; taken as in equa-
tion (9), it is found that it takes in actual practice only a few minuteés for this transition.
In experiment C, the beam had been removed as the ceiling support for about one
minute. Therefore it is reasonable that the relaxation of the force should be represented

F= w0{1~§ exp (—t/ri)} (8)

by equation (8).



