HOKKAIDO UNIVERSITY

Title KO EMHT IV RBEROAE
Author (s) MAH, F£7); TABATA, Tadashi
Citation KRR, YIBE, 18, 131-148
Issue Date 1959-11-20
Doc URL https://hdl. handle.net/2115/17961
Type departmental bulletin paper
File Information 18 p131-148. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Tadashi TABATA 1959 Studies on Mechanicai Properties of Sea Ice. IV. Measurement of
Internal Friction. Low Temperature Science, Ser. 4, 18. (With English résumé p. 145)

wmoko hEKMEHROSRE IV
— AW E RO E —

HoM &
(ERPEBIET )

(BT 34 42 7 B SRR

L ¥ x A %

HKICEHEEEMA o & & OBESORMMZE LD S HEFREEHIED 75 L3 ThbhT
WB D, WEEEXGABEEORIERThITHEN,

HEIBEARIEEH O TEROMMERE JMED LB, XBEREZ L0328 805
WREEBBE L T4 DERREDEDRDEDRBOBRE L DHPRONBEREEL KD, C
DOF G, TTICHEPLK?, KHOK® B EoRPEROREICHONTEY, ThoDK
£, MHAPLETHE, AEBBRIRECERT & &L CABICHEAD LT —3BCRTHdcEL,
FIEBEWRETRHCHLT, —-5S50~T0CCHLEITHRICELZORBUEI T LY, @A
SNTVS, AR DOTHEEL LR, TOBEMEEBEDO-DIMAKOEEL D L0 PHEE
T b 50, ZRFEBTEMSES N, WKORTEBOBEOBEICEES EhD1h,
e osRE—INRET 5,

II. REHZE - %8 - RE

PlEicACAEBER Fig LicRk Uz, chid, #EROFEEICAVLEEZO D TH 5,
HBRERZICEFELTBOAER» 5D 72 Lz E & 36~40cm, #g4~5cm, Fx 18~2
cm QKO AEERA OV, BB S 2 TR EBOmEL L it/ gFEThZhlEo 0 5,
HBLZMEDOMBE TARFICEDLAD LICKFFL, FHOHFOTICEWBEH =1 v Th
AEFELIE, bORFORRFOTICENWRZE v 77 v TTRBOEREMBC EMNTED
OO T5, Fig2 3EEDOERTH 5, Higichic>TE, RBKELTHLEINEE
BliiiA Ry a ST TR 77 9 TOMBNETERLUES, BEHEEKENAVAEZLT,
HB 2 ARRBICIE S, TORFORIRHBEHERIRFOMEKERIOHXSHLEDTHLL, €
v I 7w TOHABIKEL 2V e r T TORRKICOEENZL D, £ UTHRIRREICH 28 8
ORFOBEZ EWHFMESR S0 BIC, REFWET 5 cho@EE I >TEBOEN
BRFICHEPTIHTAEA RV 7T TICTRHRIE S, LERPOHARDLEBORER LR

* IR ARFEEFIEHAEM E523 5
ERNT HEN HI1SE MHEm34E



132 H oM &

&l

Fig. 1. R: Regulator. F: Fan. H :Heater.

S: Sample. D: Driver. P: pick-up.
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Fig. 2. The schamatic diagram of equipment.
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350 °¢c
Fig. 3. Some examples of oscillogram (Sample No. 22\
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Fig. 4. The mode of damping at various temperature.
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Fig- 5. The relation between tan & of mosaic ice and temperature.
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Fig. 6. The relation between tan & of granular ice and temperature.
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Fig. 7. The resonance curve at various temperature
(Sample No. 38).
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Sample No. 38 —6.0°C -11.8 —21.2 —29.3 —44.8
f (cycle/sec) 292 305.5 3135 316 320
tan & 0.0514 0.0344 0.0110 0.00289 0.0016
tan &% 0.0521 0.0329 0.0111 0.00291 0.00104

E (10" C-G-S) 5.50 6.02 6.34 6.44 6.58

* tan & : Obtained from resonance curve in Fig.7.
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Fig. 14. The relation between log 7 of mosaic ice and temperature.
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Fig. 15. The relation between log 7 of granular ice and temperature.
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Résumé

Data on the internal friction of sea ice were obtained by measuring the resonance
frequency and damping coefficient of rectangular ice bar. Samples used were the same
ones which were used in the measurement of elastic modulus. (See: Studies on Me-
chanical Properties of Sea Ice. III. Measurement of Elastic Modulus of Sea Ice by the
Lateral Vibration Method (2)).

If the vibraration of rectangular ice bar damps with the damping coefficient 4, am-
plitude is represented as equation (1). The solution of the lateral vibration with damping
is obtained by Yosida® and is

m'n’E

2 g2 MR L )
W'+ A= 1205 (2)

where, w is angular frequency, % is the thickness of bar, / is the length, 0 is the density,
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E is elastic modulus, m is 4.730 for fundamental vibration. Internal friction or so-called
loss factor or vibration loss tan ¢ is'expressed by

g£=tan6 ‘ (3)
w

tan ¢ means the dissipated energy for every one cycle of vibration and is obtained
experimentally.

The damping of amplitude was recorded by an oscillograph recorder. Fig. 3 shows
some oscillograms of sample No. 22 at various temperatures. Fig. 4 shows the mode
of damping obtained from the oscillograms. The logarithm of amplitude decreases
linearly with time and the damping coefficient 4 is obtained by the slope of the straight
line. However, for most cases, it is noticed that this straight line suddenly changes
direction when amplitude attenuates to a certain small value. That is, the second
damping coefficient appears. This second damping coefficient will be discussed in the
next paper. As, in the case of sea ice, the vibration attenuates with the certain damping
coefficient, so equations (1) to (3) are useful in this case. Damping coefficient 4 is ob-

o

taind from the mode of damping and tan & is calculated by equation (3).

Some examples of obtained tan ¢ are shown in Figs. 5 and 6. As is seen from these
figures, internal friction declines remarkably with decrease of temperature. Minimum
value of internal friction is observed in the temperature range from —30°C to —40°C,
and if material is cooled more, the value increases slightly. Temperature dependency
of internal friction of sea ice is quite similar to that of pure ice which has been reported
by Kuroiwa® and Nakaya®.

It should be noticed that the temperature dependency of internal friction is suddenly
changed at —8°C~ —10°C. As is stated later, at —22°C~ —23°C, temperature dependency
is also changed. Similar to the case of elastic modulus of sea ice, temperature dependency
of internal friction is also changed at the temperatures at which Na,SO, - 10H,O and
NaCl - 2H,0 are crystalized from the brine. A. Assur® reported that the tensile strength
is also changed at these temperatures. It is easily recognized that the deposition of new
salt from brine or decrease in volume of brine are having an important effect upon all
the mechanical properties of sea ice.

Value of tan ¢ is also obtained from the resonance curve shown in Fig. 7 and
equation (4). tan ¢ obtained from resonance curve and oscillogram are in good agree-
ment. as are shown in table. '

Internal friction is considered as a function of resonance frequency, density of ice,
volume of brine or chlorinity of ice, grain size and structure. In the present experiment,
resonance frequencies at a certain temperature, say at —10°C, distribute from 295~403
cycles/sec and 276~315 cycles/sec for mosaic ice and granular ice, respectively. At this
temperature, the error depends upon the difference of resonance frequency which is
obtained by using Nakaya’s work becomes about 20%.

Relations between density and tan ¢ are represented in Figs. 8 & 9. From Fig. 8
it is obvious that tan ¢ of fnosaic ice does not depend upon its density, from Fig. 9 it
decreases slightly with the decrease of density for granular ice. In Figs. 10 & 11, it is
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noticed that tan ¢ of sea ice has no distinct relation to its chlorinity or volume of brine.
From Fig. 12, tan ¢ increases slightly with the decrease of grain size for mosaic ice.
For the case of granular ice, it may be seen from Fig. 13, that tan ¢ decreases with the
decrease of grain size.

Taking the Maxwell-unit as the model of visco-elastic properties of sea ice, internal
viscosity 7 can be calculated by equation (5). Some examples of obtained. internal vis-
cosity are shown in Figs. 14 & 15. 7 increases with the decrease of temperature for the
temperature range from —3°C to —30°C~ —45°C, and for the more cold region, it de-
creases slightly with the decrease of temperature. At the temperature —8.2°C and
—22°C, temperature dependency of 7 is also changed.

As 7 is a function of tan ¢, temperature dependency of tan ¢ also has to be changed
at these temperatures. However, in Figs. 5 & 6, because of the poor amount of tan ¢
at —22°C, a change of temperature dependency of tan ¢ was not found.

It is noticed especially that for the temperature region from —8°C to —22°C, loga-
rithm of 7 is a linear function of temperature, and besides, in this temperature region,
temperature dependencies of log 7 of almost all samples are parallel with each other.
That is, 7 is depends only upon the temperature in this temperature region.

As was reported by Nakaya, 7 does not depend upon resonance frequency of
sample. Figs. 16 & 17 show the relation between 7 and density. For mosaic ice, 7

~ decreases with the decrease of density but for the case of granular ice there is no distinct

relation between them. Comparering the internal viscosity ¥ with volume of brine or
grain size, the auther could not find clear relations between them. Between elastic
modulug and internal viscosity, also there was not seen any distinct relation.
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Appendix

Density, chlorinity ete. of samples which were used for. measurements of elastic

modulus and internal friction are cited in this table.

Sample

Noy &

Mosaic ice

Density

{g/em?)

0.892
0.900
0.904
0.907
0.864
0.871

0.820
0.814
0.881
0.753
0.856

0,837.
0.899-
0.881
0.899
0.503

0.812
0.843
0.818
0.820
0.858

0.878
0.838
0.843

0.866
0.820
0.850
0.820
0.827

0.819
. 0810
0.873
0.858
0.788

0.784
0.773
0.820
0.807
0.799

Chlorinity
(%o)

0.72
0.91
1.00
0.83
1.23
1.40

091
1.12
1.68
0.74
1.02

0.90
0.95
0.95
1.10
0.96

0.82
0.98
0.84
0.75
0.83

0.80
0.68
0.82

0.95
1.04
0.61
1.84
0.85

0.88
047
0.85
1.00
0.59

0.55
0.32
Q.67
0.67
0.97

Air void

A

37
24
21

6.7
5.9

11.5
12.1
14.9
18.7

7.6

9.6
2.9
4.9
29
2.5

12.3

1.7
11.4
7.3

5.2
9.5
9.0

6.0
11.5

11.5
10.7

11.6
12.5

7.3
4.9

5.4

- 65
(14
12.9
3.7

_ (em?)

Grain size

3.19
047
0.11
3.34
1.36
1.39

1.18
0.23
1.20

1.62
1.44

391
343

3.24
2.32
1.61
1.26
1.31

0.65
0.20

1.04
1.51
1.65

1.11
151
1.51
1.45
l.64

l.64
2.18
1.65

Volume of
brine at

0.82
0.69
0.84

0.97
1.06
0.62
1.88
0.87

0.90
048
0.87
1.02
0.60

0.56
0.33
0.68
0.68
0.99




