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Fig. 1. The relation between Young’s modulus of mosaic ice and temperature.
(Brdken line: commercial ice)
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Fig. 2. The relation between Young’s modulus of granular ice and temperature.
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Fig. 3. The temperature dependency of Young’s modulus.
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Résumé

In the previous paper « Studies on Mechanical Properties of Sea Ice. II. Measure-
ment of Elastic Modulus by the Lateral Vibration Method « the auther reported from
the obtained elastic modulus the simple relations which connected the elastic modulus to
the temperature, density and volume of pure ice (%). Measurements were carried out
at various temperatures between —4°C and —36°C for each 20 samples.

After the conclusion of the previous experiments, some measurements of elastic
modulus of sea ice using the same method were carried out. In this experiment, elastic
moduli of 39 samples were measured at various temperatures between —3°C and —52°C.

In the present paper, the results of the above measurements are all described.

Obtained elastic moduli for some samples at various temperature are shown in Figs.
1 and 2. Elastic modulus of each sample is increased slightly but they are almost parallel
to each other with the decrease of temperature. Remarkable changes of temperature
dependency are noticed at the temperatures of about —8.2°C and —23°C, where Na,SO,-
16H,0 and NaCl-2H,0 are crystalized respectively from the brine. Taking the average
of all data the curves in Fig.3 are obtained; equation (3) shows the mean temperature
dependency of elastic modulus of sea ice. It is noticed that elastic modulus decreases
rapidly when the temperature rises above —20°C. Relations between elastic modulus
and density are shown in Figs. 4~7. The points are scattered over a wide range showing
the elastictic moduli decrease linearly with the decrease of density. The general tendency
for the elastic modulus of sea ice to be a linear function of the density; these relations
are shown as formulae (4) & (56). If one is satisfied with the accuracy of 5%, the elastic
modulus of sea ice is expressed as formulae (7) and (8), by combining the formulae (2)
and (4) for mosaic ice or (3) and (5) for granular ice, respectively.

Although the elastic modulus of sea ice is dépend mainly upon temperature and
density of the ice, obtained values are scattered in a wide range even in the cases of
the same temperature and density. Figs.9 & 10 show the relation between elastic mo-
dulus and chlorinity (%) or grain size (cm* or mm?). For mosaic ice, it is seen that the
elastic modulus decreases with increasing chlorinity and grain size. In granular ice
also, the elastic modulus decreases as grain size increases. ‘At a certain temperature,
the volume of brine is a linear function of chlorine content.” Therefore, it mafl be
recognized that the elastic modulus decreases with increases in the volume of brine.
The volume of brine is represented as a power function of temperature as was suggested
by A. Assur,” and is seen in Fig. 11 and in formula (6) which représent volume of brine
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(%) in sea ice of 1%; chlorinity.

The 2nd and 3rd terms of the right side of formulae (2) & (3) may be represented
as a function of volume of brine and deposited salt. However, in the present paper,
temperature dependency of the elastic modulus could not be represented as a function
of volume of brine and other elements.

Vertical distributions of the elastic moduli in ice sheet were obtained as shown in
TFigs. 12~14.



