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Hirobumi OURA 1955 Torsional Test on a Pipe of Hard Polyvirylchloride at
Low Temperature. Low Temperature, Science, Ser. A. 14.
(With English résumé p. 147)
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Résumé

Pipes made of hard polyvinylchloride were put to the torsional test in the neighbour-
hood of each of three temperatures 20°C, 0°C, —20°C, the tests at the last two tempera-
tures having been perfomed in the cold room attached to the Institute. A metal disc
was attached firmly to one end of the pipe of which the other end was cramped,
and a string with a heavy weight hanging at its one end was wound along the periphery
of the disc. In this way a torsional moment of force which was equal in magnitude to
the product (radius of the disc) x (weight of the hanging weight) was applied to the pipe.
Since the angle of twist continued to increase for a long time a self-recording devise was
used to register automatically on a sheet of a paper the angle of twist against time. The-*
angle of twist increased elastically by an amount ¢, at the moment when the twisting
moment was applied and after this came the long lasting period of creeping in which
the angle of twist continued to grow very slowly. In the first part of the period of
creeping, the rate of increase in the angle of twist was gradually diminished to attain
a minimum value at the end of this part of the period. After this, in the second part
of the period, the angle of twist began to increase at an increasing rate. '
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The rigidity G of the material composing the pipe can be calculated from the value
of elastec twist ¢, and the magnitude of the twisting moment applied. In the range of
‘temperature from —20°C to -20°C and for the twisting strees less than about 120 kg/cm?,
the rigidity G is expressed by the formula:

G = (1.23-0.0055 ¢) x 10" kg/cm®. X

It should be noted that the value of G changes only slightly with the changing
temperature. For the twisting stress larger than the above indicated value, G showed
a value somewhat smaller than that given by this formula.

Contrary to the case of elastic twist, the twist by creeping was found to depend
largely on the temperature. For the same twisting stress, the rate of increase in the
shearing strain which was proportional to the angle of twist was diminished strikingly as
the temperature was lowered. For example, when a twisting stress of about 300 kg/cm?
was applied, the minimum rate of creeping at the end of the first part of the creeping
period was more than 10~*rad/min at 17°C, 0.3~2x10-*rad/min at about 0°C and less
than 2x10-°rad/min at about —18°C.

At one and the same temperature, as the twisting stress r was increased, the first
part Z, of the creeping period was shortened, and minimum rate & of increase in the
shearing strain -was Increase while the time interval 4¢, during. which the rate of in--
crease in the shearing strain kept the minimum value §, was diminished. These changes
caused by the change in the twisting stress z are very conspicuous as shown by the fol-
lowing table : ' »

t kg/em? to min ép rad/min Aty min
467 5.3 114 X104 3.6
444 20 34.5% 10—+ ' 9.5
424 T 4X60 25X 104 60

The twisting stress sufficiently large to deform and damage the pipe about 20 min-
utes after the application of the stress was found to be about 290 kg/cm? at 17°C, more
than 320 kg/cm? at about 0°C and about 440kg/cm?® at —22°C. Damaged pipes are shown
in the photographs of Figs.8 and 9 of the text. No sign of difference was found in the
mode of damage throughout the whole range of temperature from —25°C to 20°C. A
special case of damage is shown in the photographs of Figs.10 and 11. In this case,
the wire upon which weight was suspended was snapped by chance and the massive
chuck grasping the end of the pipe sprang back suddenly towards its original position,
imparting to the pipe a large shock of twist. A spiral crack grew along the surface of
the pipe as shown in the photographs.



