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Fig. 1. Depression-time curves of sea-ice.
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Table 1. Young’s modulus

No. A d \ Temp. 1 cl } B B
fem) | (em {em) | {°C (%) {(dyne/ecm? | (dyne/cm,)
1 2975 48.9 154 | — | ossxae | 38x10°
2 2990 50.3 154 oo | oe2 | 4t | 3o
3 3545 52.2 15.4 —08 | 145 58 | 188
4 3525 48.3 165 —0.7 ‘ 0.92 8.4 297
5 353.0 49.3 157 ~13 | 093 8.1 9.2
6 352.0 38.8 163 ~11 | o7 83 —
7 4050 458 15.7 —14 | 253 5.3 —
8 4045 44.1 16.5 -22 — 7.9 169
9 4060 38.8 158 ~15 3.03 48 64
10 3535 40.5 156 ~15 2.90 48 Y
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7,'E, = t, (retardation time)f (2)
ThB°

BOLHMOEa, 1l hb BExdOXOBCER WORMEL ML R, KOg
PSR R S e~ ROBD & S tob B E ETIE, p 1 =W 164 ThbbEh
BETHD, CRILTRENS, MAhWERE, TXTOHEI1kg THoL,

HISE S IPRER - B C ORTHObEN B L LT, kDB, By 1, T, 7, 7
Offid Table L K4, FREFABCKOBOEXL Mb EXd WHERE, HEE, H#E
HRZEETRL TS,

B DI RO MEIE, 1955 4F, 1956 EfE & b LK X { —BHL Tz,

. spkomiERRHoERICLDdHE

FHiEER 2 cmERA VLD, TOEF FERBIIL D OTTHEHLL, Thbb
WK HEI D LA ERAY 6 em o FIRRENR (2 7) %, Wz Tt bFTRefloFo
FI D, EhLENEML ROMREY, AL CRSIesEETHE, JRETX
DTHIL, BT AR 4~5x10°dyne cm®* /s 3 X S ICiE Lz, THOIKREER,
“BOETF AT 100 M AL, 1500~11000 mm OffFAR E THRINS X 517D T
%, LRINHLER, Vv I/ ur2E—y—CHRET 2 —H6FHoETMIEO, Vi
TRMEC NN B —H 2B D ¥ v < 4 REEFH MBS SR, HL TEOLEN LA
&7z,

BiREE, 1957 4EK L 19584 2 H L 086 H o 3 Eicd i <if2ot, 1957 SR D HIFE L,
T DEDIE, FHHHL TR LRI & ISR ORKIRN b 3 7 F Y v CiRoEE A

and viscosity of sea-ice.

K 72 o l te : Date
_(dyne min/em? | (dyne-min/em?) | (min) I i)
3.2x 10" 4.0 10 93.0 10.5 Feb. 9 ’58 14.30~ 16.21
2.7 7.0 63.2 18.0 10 10.31~12.50
3.7 10:6 63.3 5.7 10 13.01~15.07
9.3 18.1 111.5 6.1 10 15.41~17.08
4.6 6.7 55.8 7.3 11 10.23~ 1241
— — — — 11 1251~ —
— — — — 11 15.52~ 1447
6.0 15.4 77.0 9.1 12 10.03~11.55
5.5 18.3 113.0 13.0 12 12.03~13.38
5.1 12.6 104.6 12.9 12 14.00~ 17.15
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Table 2. Young’s modulus

No 14 ; r w f p Cl CoItftee nt C:iz‘se&al Stress Temp.
o lem) ) fem) | {gr) | (grem® | (%) (%) | ldyne/em?) o
1 64 29 150 000 | 143 97 M 461%10° | —26
2 6.3 3.0 137 0.80 1.48 86 M 445 7
3 6.0 3.0 146 0.89 1.44 9% M 4.45 —26
4 6.0 30 | 146 089 | 114 97 M | 445" ~15
5 6.0 29 130 0.84 1.27 92 S 4.76 —15
6 6.3 3.0 — — 0.90 — M 5.84 —24
7 64 30 157 088 | 055 94 ‘M 4.35 -5
8 6.1 3.1 143 0.79 — — S 4.15 — 25
9 5.9 3.1 146 0.84 0.48 90 M 4.15 -3
10 | 59 3.0 144 0.84 — — S 4.20 - 2.2
o os9 3.0 151 0.89 — - S | 42 -1
12 . 59 3.0 148 0.86 — — S 420 — 3
13 | 60 3.0 - - - — S 4.20 ~ 25
4 63 3.0 152 0.33 0.37 89 S 4.20 — 4
15 6. 3.1 159 0.83 0.50 89 'S 465 — 4
16 630 280 134 0.81 1.28 92 L 4.89 18
17 620 | 293 150 0.88 1.27 94 L 446 ~19
18 66 310 | 165 0.88 1.39 95 L 3.98 17
19 | 608 3.03 156 0.88 1.60 94 L 417 ~13
20 589 | 3.3 158 0.84 1.33 92 L 3.90 —13
21 640 1\ 3.02 154 0.83 1.00 89 L 421 —23

* Crystal size; L: Large, M: Mcdium, S: Small.
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i ! i
; £ 2 } ‘dvn ﬂl }I (@ 77? i oo Lz ‘ Remarks Date
’ (dyne/cmz‘ | (dyne/cm?) f mln/cm) 1 fmn/cm i | (min) ‘ (min_)m/’

1.5 10° ' 55%10° © 66X100  152%10°° 244 | 28  'ice floe ’57 Dec. 3’57
|26 Lo70 46 19.8 178 8 . e 4
14 56 49 16.7 339 30 shoreice 5T » 4
06 78 48 19.5 852 25 v w7

0.4 sl 3.4 15.4 840 25 icefloe 57 » 7

2.0 13.0 14l 313 713 | 24 shoreice 58 Nov. 12’57

— 13 20 72— 10 icefloe 58 Feb. 7’58

0.5 D72 C 26 112 sz s | . a7

0.7 48 | 34°  4a L 460 ‘ 9 » Lo 8

o5 | o4 23 s | am | 2 s 8

— a7 i 19 s o= w » a9

0.5 | 34 . 33 24 \ 714 | » » 10

0.4 28 sz | 24 1482 l , .12

o4 | 40 . s 33 1860 | . b 14

0.6 35 3.4 24 Cos10 | 7 . » 15

1.5 L 5.4 L75 5.1 516 10 shore ice 58 Jun. 9’58

1.3 L 74 10.3 113 g 15| ” » 11

16 47 9.4 4.7 585 0 i w12

— \ 20 75 50— | 5 » 20

0.7 L3 49 29 689 | 1 ’ N

— 6.4 i 104 8.5 ‘ — ‘ 12 ] » 1 » .28
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Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

E, versus Temp.

E. versus Temp.

7, versus Temp.

7, versus Temp.

LEGEND : Crystal size
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-+ Small (S).

-+ 1956 (not. determined).
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Fig. 6. Structures of young shore ice.
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Résumé

Measurements of visco—elastic constants of sea ice, by static loading methods, were
performed in the cold room of the Institute in December 1957 and June 1958, and at
Monbetsu located on the Okhotsk sea coast of Hokkaido in February 1958. Two kinds
of methods were used for measurements: the one is the bending of a floating ice bar
{about 4 m in length, 40 cm in width and about 15cm in thickness) under static loading
(weight of load 9.1 kg), and the other is the compression of ice cores sampled from
various kinds of sea ice (6 cm in diameter, 6cm in length, and stress applied are 4~5
dyne/cm?®).

Fig. 1 shows examples of depression-time curve obtained by method of bending of
ice bar. As was reported in the writer’s previous paper, this curve is analogous to that
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obtained by Maxwell-Voigt model. Therefore, visco-elastic constants are calculated from
formulae (1) and (2} in the text. Obtained visco-elastic constants were shown in Table 1
(bending of ice bar) and 2 (compression of ice cores) Using data of compression test,
relations between visco-elastic constants and temperature are shown in Figs. 2~5. From
these figures, it is obvious that visco-elastic constants increase slightly as the temperature
decreases. In this experiment, however, the relation between visco-elastic properties of
sea ice and its crystal structure is not distinguished.

Approximate values of visco-elastic constants obtained from static loading experi-
ments were FE,=10°~10"dyne cm?, E2=109~101°dyrfe cm?, %,=10"~10" dyne-min cm?,
7,=10"~10" dyne-min/cm?. These elastic constants were much smaller than those ob-
tained by means of vibrational method. A tentative explanation was given to this
discrepancy attributing to the fairly large deformation due to bending of ice plates of
crystals under static loading.



