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Résumé

In the cold winter of Hokkaido the mineral ores dug out of the mines in the form
of wet powder freeze into a solid mass while in storage giving rise to technical difficul-
ties in the process of refining them. The worst is the unbreakable hardness of the
frozen ores. The present authors have made experimental measurements of their me-
chanical strength with the hope to help the miners dispose of the difficulties. The ores
used in the experiments were grey loamy copper-ore and reddish brown loamy nickel
ore; cumulative distribution curves of their grain size are shown in Fig. 1 of the text.
They were pressed into beams of the size 3 cm x4 cmx 10 cm, frozen completely by being
kept for 24 hours at each of the temperatures —5°C, —13°C, —25°C and then subjected
to the bending tests. In practice, the ores are not the same in density and moisture
content according to the circumstances. For their experimental use the authors prepared
many sorts of beams different in their density and moisture content. In one case, in
order to learn the softening actions of calcium chloride on the frozen ores, the nickel
ore containing moisture 419 was mixed with granular calcium chloride in the ratios of
3%, 5%, 8%, 10% by weight so as to make the density of all the mixtures equal to
1.7 g/cc.

The beam was laid in horizontal position with its bottom surface 4 cm wide upon
two steel pillows of semi-circular section placed 7.3 cm apart parallel to each other on
an iron base. The beam was pressed downwards with an increasing load until it was
broken ; the pressure was applied by means of a semicylindrical steel bar placed at the
centre of its top surface parallel to the steel pillows. The load pressure was increased
at the rate of about 2 kg/sec.

The experimental results are shown in Fig. 2 of the text. The temperature (°C)
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and the moisture content (¢) are shown in the top margin of the figure. The left
ordinate indicates by unit kgs the load at which the beam was broken down while the
right .one represents by units of kg/cm® the largest tensile stress appearing on the
bottom surface of the beam at the moment of its rupture. The figures in the bottom
margin of Fig. 2 show the density of the beams. In the case of nickel ore containing
moisture 419, at the temperature —13°C the largest tensile stress of the beam increased
with increase in its density; the stress was about 5kg/cm?® at the density of 1g/cc
while it was enlarged to 60 kg/cm® when the density became as great as 1.7 g/cc. As
for the beams having the same density, the strength of the beam which contains com-
paratively more moisture seems to be larger than that of the beam containing less
moisture. In the case of beams of the same porosity, the larger the moisture content
of the beams, the greater the strength; the nickel ore of moisture content 35.1% and
of density 1.4 g/cc has the same porosity 709 as that of moisture content 419, and of
density 1.54 g/cc whereas the former shows the strength amounting only to about one-
third of that of the latter.

Three groups of marks connected by lines in Fig. 3 represent respectively, the
strength of beams having the same density and moisture content. The samples belong-
ing to the group marked Ni, #=1.7 contained 419 moisture leaving no air voids within
themselves. Such samples became stronger as the temperature was decreased. The
change in temperature seems to have had no effect on the strength of one of each of
the samples belonging to the other two groups which were not so compact as to have
no air voids.

The softening effect of introducing calcium chloride into the ores is clearly shown
in Fig. 4. With the increase of the mixed-in percentage of calcium chloride the strength
was much reduced. ;

When the beam was loaded with a constant weight 200 kg or 250 kg, unlike the
above described cases of increasing loads, the beam broke down suddenly some time
after the applications of the load. The maximum time interval during which the beam
endured the load was found to.be about 75sec. This fact suggests that the strength of
the beams would be largely influenced by the increasing rate of loading.



