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1) Eyre, D. 1977 The flexural motions of a floating ice sheet induced by moving vehicles. J.
Glaciol. 19, 81, 555-570.
2) WIRMEER 1977 EBTEC L A KEOEE (FR). KEH%E, B, 35, 233-240.

Summary

An experiment to study the deflection of a floating ice sheet subjected to a moving load
was conducted in February 1978 at lake Saroma in Hokkaido.

This lake is connected to the Sea of Okhotsk, having the lake water salinity of about
31%. Two test sites with different water depths were chosen for observation of the effect of
water depth on ice response. Site 1, 6.2 m deep, and Site 2, 12 m deep, were about 600
and 1400 m off shore respectively. The thickness of ice at Sites 1 and 2 was 17 and 15cm
respectively, the ice being covered with snow of several centimeters in depth. Salinity of ice
was 5.8~6.0%0, while ice temperature was —2.3~ —4.0°C during the test. Young’s modulus
of ice, which was determined by uni-axial compression tests, averaged 2.5x10° and 2.8 x 10°
dyne/cm? at Sites 1 and 2 respectively.

A test lane of 400 m in length was set up, at the halfway of which a bottom-anchored
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deflectometer was installed, as shown in Fig. 1.

A snow-mobile (YAMAHA S-300 M: 2.43 m in length, 0.79 m in width, 165 kg in weight)
used as a moving load had the total weight of 230kg or 355 kg including the weight of a
driver and an additional weight.

The number of runs totaled 62, which were made at different vehicle speeds 0, 10, 15, 20,
25, 30, 40, 50 km/h. On each run the vehicle was accelerated to the required speed as quickly
as possible in the approach lane, and then passed through the test lane with constant speed.
The deflectometer was set 1 m off the vehicle track. To examine what effect the distance
between the deflectometer and the vehicle track had on an observed pattern of ice deflection,
several measurements were made, changing the distance to 1.5, 2 and 3 m.

These results showed that such a change in distance had no significant effect on the
wavelength but some effect both on the maximum depression depth and the amplitude of the
wave induced in the ice sheet. Therefore, it can be said that the ice deflection pattern me-

asured at the distance of 1 m was practically the same as the pattern immediately beneath
the vehicle.

The typical records of ice deflection are shown in Fig. 2.

The results are summarized as follows:

(1) At speeds under the critical speed, the profile of ice deflection is seen in Fig. 2 (a).
It is quite similar to that obtained by a static load.

(2) At speeds above the critical speed, two different waves are generated: the first one
with a relatively short wavelength seen in front of the vehicle ; the second one with a relatively
long wavelength seen in the rear of the vehicle (Fig. 2 (b), (¢)). As the vehicle speed increases,
the wavelength of the front-wave is shortened and that of the rear-wave elongated (Fig. 3).

(3) With a further increase in vehicle speed, the rear-wave disappears (Fig. 2 (d)) and
subsequently the front-wave also disappears.

(4) Change in maximum deflection with vehicle speed is shown in Fig. 4. It is obvious
from the figure that the maximum depression, which is seen at the critical speed, is more
than three times that obtained by a static load. As the speed exceeds the critical speed,
the maximum deflection decreases quickly with increasing speed. At the speed of 10 m/sec,
the deflection of ice is smaller than the static depression. The variation in the width of de-
pression with vehicle speed is shown in Fig. 5. The maximum depression is observed at the
critical speed, at which the minimum width of depression is seen.

(5) The position of maximum deflection starts to lag behind the vehicle at a speed slightly
below the critical speed. The lag [ increases with increasing vehicle speed (Fig. 6).

(6) The difference of vehicle weight only affects depth of depression and amplitude of
wave, having no significant effect on wavelength or frequency.

(7) As is clear from Fig. 7, which shows a relation between non-dimensional frequency
F and vehicle speed U, a relation between frequency of front-wave and vehicle speed can

be expressed by a straight line. By the method of least squares it is represented by :
F =3.04U~-2.89

where a correlation coefficient is 0.98.
(8) It is virtually impossible to identify the exact critical speed because of the absence
of any sudden change observed in an ice response at such a speed. The data points in Fig.

7 give an indirect confirmation of the theoretical critical speed, which is defined by :
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4. = 1254 gL

where w. is critical speed, g is acceleration of gravity, and L is characteristic length of ice.

(9) Change in water depth has no significant effect on ice deflection. Based on a theo-
retical analysis, Eyre” has shown that, if the numerical value of F/L is greater than 2.0,
any change in that vlaue has no significant effect on the relation between F and U, where
H is water depth. In this experiment H/L is 3.3 and 7.1 at Sites 1 and 2 respectively. Con-

sequently, the present experiment supports the result of Eyre.



