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) R & 2 TRD 7 WMFHREE 0, W SUCE T 20RO IR O 62, KO KIHRE
13EEELIRICR U, No. 1~21 ORI LU TR & - TREEZKY, No. 23~41 3K
FoEROICE > THEZRD S DTH 2,

1%k KoM RE OWERR

R W S A i
No. | EEBE mﬂ?ﬁ(gﬁk No. | EmmE | M HE (kefem?
Q) (kg/em?) /sec) 8Y) (kg/ em?) [sec)
{ —3.1 2.7 4.0 FERB. 13 23 —-2.2 2.9 7.4 FEB. 16
2 " 2.7 2.8 ” 24 ” 38 - 12.0 "
3 " 3.1 2.0 " 25 " 4.2 17.3 ”
4 ” 3.1 2.1 4 26 ’” 3.8 13.2 ”
5 " 19 23 " 27 " 2.4 33 4
7 —3.3 2.7 12.2 " 28 ” 3.1 4.3 ”
8 " 3.4 7.0 " 29 —23 2.7 7.0 ”
9 —3.4 3.0 8.1 " 30 " 2.1 2.8 "
10 —3.7 3.8 17.4 FEB. 15 3t ” 2.1 2.8 "
11 —22 35 6.3 " 32 —2.4 2.3 1.1 ”
12 —2.0 4.2 7.1 " 33 " 2.9 2.2 ”
13 ” 3.9 18.5 14 34 ” 4.4 270 ”
14 " 3.9 8.9 ” 35 —25 2.7 2.8 ”
15 " 4.4 10.1 " 36 " 4.3 23.3 "
16 " 4.7 38.2 ” 37 —3.0 3.5 11.9 FEB. 18
17 4 4.5 18.9 ” 38 —2.6 2.2 8.2 "
18 —2.2 5.0 26.2 " 39 —23 37 26.0 "
19 —2.4 4.3 258 ” 40 —2.2 39 25.8 ”
20 ” 3.4 18.9 1z 41 " 2.8 4.5 ”
21 ” 3.9 9.2 ”
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o, = 1.6542.05 log,q, é» (2)

AIEBIER D B ERIC U T,
0, = 1.40-+2.07 log,, ¢« (3)
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Summary

Studies of the strength of small samples of sea ice removed from an ice sheet have
been made by many writers, however, there are few measurements of the strength of sea
ice in situ (Butkovich 1956, Weeks and Anderson 1958, Brown 1962).

The present report concerns cantilever ice beam test made on thin {26 cm), shore fast
sea ice at Monbetsu, Hokkaido (44°21’N, 143°21’E). The object of this study was to de-
termine the relation between flexural strength and the increasing rate of applied stress.

A Usshaped channel was cut in the ice sheet using an ice chain-saw and a hand saw.
A cantilever ice beam with one end attached to the ice sheet was made with this channel.
The width of the beam was 30-40 cm and the length was 2.5-3.0m. The ice beam was
bent in two directions, vertically down wards and horizontally. In the vertical measurement
a force was applied manually by a vertical wooden lever attached to the horizontal lever.
Horizontal force was also applied manually by pulling a chain which had been placed
around the end of the ice beam. The applied force was measured with an electric load
cell and recorded with an oscillograph.

Examples of the changes in the bending force F with time are seen in Fig. 1. Since
the bending force increases linearly, the tensile stress within the beam also increases line-
arly between 2-40 kg/cm®/sec. It is assumed that the beam was deflected and broken like
an elastic substance, because of the greatly increasing rate of tensile stress (Tabata 1960).

The temperature of the ice sheet was recorded using a series of thermocouples frozen
into the ice sheet at vertical intervals of few centimeters. The vertical distribution of
temperature during the period of measurement is shown in Tab. 2. It can be assumed
from these results that the temperature profile of the ice is almost constant throughout
the experiment.

The vertical distribution of chlorine content of the upper 15 cm layer of the ice sheet
was measured. The mean chlorinity of the upper most 10 cm was 5.5%;, and of the lower
5cm 7.7%.

The flexural strength ¢, is calulated from the equation (1), where F is the force applied
to the end of the beam at failure, [ is the length of the beam; & and A are the width and
the thickness of the beam respectively. The results of the measurements are shown in
Tab. 1. The relation between the obtained strength ¢, and the increasing rate of the maxi-
mum tensile stress at the surface of the ice beam 4, is shown in Figs. 2, and 3. Tig. 2
is the relation obtained by vertical application of force and is formulated by (2). Fig. 3
is the result of horizontal test and the relation is represented by equation (3). In Fig. 2,
the strength obtained by Weeks and Anderson (1958) is also shown.

It is obvious from these figures and equations that the flexural strength is remarkably
dependent upon the increasing rate of applied stress, and that vertical test shows a little
larger strength than that of horizontal test. It is concluded that the increasing rate of
applied stress ¢, is also an important controlling factor of the flexural strength of sea ice
m stiu.



