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1 90 59 6.0 2.66 4.8 1 0.030} 3.5 | 0.064 4.5 5.3 7.0 16
2 30 5.8 6.0 2,70 | 31.1 { 0.032| 5.5 |0.14 0.63 39 5.0 2.8 794+ 1.1

H I
20 90 6.0 54s | 2.54 | 37.2 | 0.022| 5.0 ! 0.053 2.8 56 52 19

51 90 6.2 | 59 3.70 | 28.710.032| 39 lo1s | 087 5.5 6.7 37 771 6.7
8! 90 6.1 | 6.0 3.81 | 23.1 | 0.0631 5.7 | 0.18 1.3 3.9 3.6 2.2 273 5.6
15| 90 6.0 | 6.03 | 3.91 8.0 0.033] 2.0 ' 0.19 | 3.0 11.4 7.0 6.1 235 5.4
16 | 90 60 | 59 | 393 | 235, 0.074| 6.1 10.073 1.3 3.8 31 | 52 234 14
18 | 90 59 | 607 | 406 | 279 | 0.165| 5.0 | 0.15 1.1 5.0 1.5 3.3 137 6.7
19 9 60 | 615 | 397 20.210.114; 6.2 ‘: 0.058| 1.7 3.8 2.1 6.6 120 | 17

10| 60 6.1 | 6.0s | 246 9.0 | 0.077| 3.3 | 0.083| 2.7 4.4 1.9 54 | 72| 12-
9| 60 6.0s | 5.9: | 3.88 7.4 | 0.268] 53 | 0.25 4.2 0.8 L7 3.9
11 60 6.1 | 58 | 3.81 | 150 | 0.121| 46 |0.114| 2.2 4.8 1.8 4.2 85 8.8

12} 30 6.1 | 561, 2.66 | 520 | 0.268: 57 | 0.25| 0.32 26 0.55 1.0 172+ 4.0
14 30 6.1 | 595 | 248 | 19.2 0.660| 47 | 034 | 1.01 3.1 0.23 0.93 i 23 30

6.1 | 60 | 250 | 305 | 0311 12.6 o.os5| 0.83

3/ 0 |12 047 14 5T,
ol 0 61|60 | 25| 246 0125| 109 0059 L1 | L4 12y 230 108, 17
17. 0| 59| 60 | 264 | 204 |0057| 44 0062 098 35| 27 | 57 | 217 16
6| 0| 61 |61 | 3823600204 1820111} 1.3 | 13| 078 | . | 90
7| 0| 61 | 6l | 382 148 0253 13.8| 0.0 \ L7 | 091 | 29 | 17

EFRERRCR e RICE BT ROKE 2 DR L cEZOMFER L HER THROECH %

WINRCR LIk OB & GRECH WL ) MU ORE Th %, 5408
PR IAEC R REAEL, LEAOTUOROERE SRR LEEE Ch oo, BIE
DB RIS T HE R MDD B E ) BGR L fpoile, WHH LMo EHOE
BREICTE L O B iR A OTWIHR TR0k, HEFORIRT RbbKOBEE fos b
BHZOENTESLE VEL B DInofeds, ChafilfE s oKciEREE 2B Lkrok
zERWL bafliinolkT kit B,

EOFT, Ey, vy OHORT TWwH b 00550, chEHEEEOREE OIS S HE
EMXIHCAED Tl DB S HHIMO LML D 5 T B HK R, Lo CHE
LR OBEEBOEI IO ) Linhokc 2IDLDTEHS,

FIR U BIE Tl 2~19 R bl o ORBEOHE O JIE AT b L Tn 5 23, K%
BOPIC oW TREHSED bbNinsolk, o No. 18, 19 ¢k, BH < BRE JEFo
KOEE) BEHOEC LI IBD Th B H 2%, WiZRHEEN 4045, %2R 28I
MR L oOBRBORICE] 5 X ) IRl — il e R L, No. 9 AR HEVE LW



OOk o KB o B % 111

oo 12 ¥k D K5 B O RO

B DR

te tobs, - Cl DO AE = HoE AR
{°C) (‘Cy (%0) %?Jb:) (1955&2)%)

%
—20 | ~55~—30] 36~23] 4 ‘ 5h30~1 1730
—17 | —40 24~221 95 10/255 ~13440

18~1.7 12h20~ 15455
—16 | —15 2.1~2.0 2h32 ~ 14430
—1.6 | —7.0~—30| 32~22] 105 ' 10%ﬂ~43ﬂ2
—18 | —30~-35| 23~20| 12 | No.16 D CFOWF DK 1m$~mM6
—20 | —30~—40| 29~24 %@f%f““%®MK%ﬁEOK*@5 wm~®mz
—16 | —10 1.8~1.1 9 || WERHDSESE L, fow BEITL AR m@&qmm
-18 | —10 21 [ Ehg KpmoBEls b B OHE | 0~ 600
—16 | —30~—40| 22~21| 75 %{;ﬁ’i”%MM% “EWG@bmwlﬂm~w@5
—1.6 | —3.0 2.1~1.9 7.5 ) BB 25 43 TR AN E VKBTI 5, | 13"28~16"41
—16 | —40~-20| 2.1~2.1 75 | | HEWNHREZHE, owg~um0
—16 | —25 D 24~19] 7 | @HHLT 1 AEAKE, :lﬂ%~HW6
—25 | —20 ﬁ 3.1~27| 7 i 17720~ 09750
—1.7 | —40 1.8~1.6 9.5 I No.2 tR UAIED LI b i Uikl ,14”‘0~ 16”50
~16 | —45~-80| 25~23| 95 g%fmt@b5a“@m”5@btﬂbt gmmmwm
~18 | —30~-20{ 15 | 7 J7ra2~1010
—13 | —65 izo~w N067mnﬁtm%6u%m goHL mmmqmm
—13 | —65~-50 20~19 | g%q%ﬁﬁg#ffﬁﬁ ERDEOEY | o5~ (9016

& ORE TH ok, No 18, 19 xR FEELHI35 4 CAMARS bbb, 20k
b 0ROV TOMER RO L O & JIEICEE T 20155,

RE, HakhloRRDHky, LrdE—TrviEFod & TRl LR e LTk,
O (FF 0 2l & KSEE & O &) W X 2T e SN OB R $ o RCH» e il E
ORMCEETZ L 0EBWIREIGLE - L w2 e Tz 23RS, ¢odb
No.9, 10, 11 g L ¢ (EMY3em) ML M X5 E TH 0 ERL afR L
72No. 9 ZDF T I —FHL TS,

=0 FEoLor §=0 (HEOHIKE OLORE~<D L, 0k b KIIENL Y,
LiehioTnntddbbbh T s, HbEMROBEOBROMOBI BELLREHED
BEC L NI, EfRBEVERDRWA E D ULERD, L 0=605, ¢=30 0k

OHEERERT =0 ERTOEOLHFOFHOMICK Sz 2 2 HFH L, BEofbinl
ol oXOBEE, ALY o&HoBE PRIV L ERLTTHERD OF 211k
bichot, ok, K- AT SR AOY VB LUCHMETE Lo 2x2x7cm) O
TR X DYk O ERE A RO LERIL LS 2, WhkoERCEHE R 2L kLAmu



112 Hom & A

TEWT DT WS ETR oMK R ORIICE Y WET 2 O CH K OBHECET RIS E N L i
BN TIHEHRRE NIV bR EHIN TS,

HWIRCRLEHER, BEhoFEConwTExd, HIUERD I=0EoHHFCHIS,
Lo TSRO 2Tl 5P MBA LR TS LB NIED order 2 —F L TWB, ki
T, & EOFVTHHZEOHAOMEAHACREWERIKS S, CHRREDOFEA RS T
PABELTWAELE LAWY, 32023 REWERARML bNEBEHOREF I OHEW LT
EREOKOEEOBEWLIBZ O LBLLNDG, LR 0O, MkPLEE, Bk nTi
EHEOBOBENI X RECTIE E,, B 2VPIL B eBMbLNRTH Y, EEOREOHET
LEHEAE ULRCH UEAA D Db Twd, XUKOREEAE R it 0tk
By, BHEDI=0ECHEOTHEOKOBEREIFEOHEL I LM 2 b8
BLTWHO0TEHA), bhIACHEOHEOREIORE I, FIETDL, XoBo&tho
BrAE 20~27 glem® THEIL ML, KEOEMEOBHE L 2.7~38 kglem® ThH o, KILOE
R B, BHOENC XD RO E & M5 B CE I 2.7 kglom® L1y
38 kglem’ @ 2EHC AT TR LT o, MOFHOBWABH L THIL LK TRLOE
ZHEA T,

BIFEO B OPTECA VAL D LT 2 HoP % b L Tiir ok jil 5 vk No. 15,
16 ¢, No. 16 B Lol CTh %, O 2OMEIXELL 2lcm © B, DT Wik D
iz 3 cm FEH 595 cm 410 4 CTIA% b OE4 4 BYI i L 72, No. 16 M b FHICE T
23 No. 16 L b R & R ERERLTw%, B, 0843 E KR4 ¢, No.l5,
16 DBERRETES 25, MERHWTHRE LR X% e el~iific, BEokn
KEIHHIMBEATRTETLSD, CORARSETLS, HAETOROREREEOHFIME
WL, BHOARFIOHEWCLSL0L LTHERNKET FLHCHBERTE LB TLS,

BONIERToOWTWL 22 OR M Wickizil~iey, PRoOBEETI~&boxkE
WORRERICR URiE, 5, MERY O&A0d LT, WkoMKRCRECET LS X
T E LTI e e OB E A MR RS o L afhcinote, EEH—O
FENCH 2 T2 < 0 0 JllsE O YIS I & U5 Wik O W B (L B4 VE 0 38 BT X B % O
BMEEE OB L, SEONEOREN TR L E ) Rod b Lok,

v. % o

HEK ORERM Ricfiofck OB RCY Y H U MBI ki REH I ncii—28
e m i (DR TEbL L, Th I vk ok ROEEREALRD L, BHEOREITE
X BgmEt, MECHWEHED ETHEE2 VITCHE b e BE T % o 228 S s
LWoO T, b5RMIEMx 0B IEEY EoGAORRE O HE Liziz D 2
OLTHEOBBICERTDHEENPRL RS L EBbRS, Fio, IxakE ey Eok



ook oK B O B o 113

WO FDOHHECOWTHELTR) CeHRBE LV ORYHTHDM, HEHEOR WA
BEAREIR DI IEIRY £OoRBOUELTTR D C e BHRLr Ok, SR OHETHER
UTH T OHEFIOWTORE LT v & BoTn b, FifiCief Lk, hxhizk
FICHE 1 ICR Lk ORI AN S HER ST ¢ e RS0 T2 EET 5 Hikk
HT50ERLD, XeoMBEMIbEN %20t RKIBECE 2D 2BHEDL LS CKRET
e EnEE LW Ebhs,

K OILEE & W & % ORRMEEE o BfRIC oW T 2, 3 DEMBERREN o TR ke
B, ThROOMOERIABAGRE W B ChHr T 3ot R EREC ST 5 ATH
KEDWTOERNEE L\, £ 2 AR oOBRICOWTHHEETS %,

BonMEERE OROL b liiE, MICXE LR L No. 3 og& ok
CATER AL LM T LA L2 EE b bolkn, L 0GR IERMAIR 2D
23O X~ L, SEOLXWITIoilE R 2~19 B RLELR & A
TVWE PR ERE Y BT 2 b RSy —H I D T B8 E LWO T, —HT~
TORFEL 2B Lok Inih2edb0r LT EICRRTHELERLHFLOTEHD, *
ORI ER R —Z g (DR Th Db I NB O CHE X 1k Maxwell-Voigt body » B3z &
ﬂ&%%can%mﬁxkoL#L%ﬂﬁi@%b%ﬁ%ﬁﬁLkﬁ@ﬂ%momfn,mﬁ
FHRONICHIBEOFERE LTHD 2 TR VEENEL B 23 Eho, BEWHICED
&, T ERORFRMAK B Lica ol () X2#E AT % & 2~10 Fhi oMo filE il &
VRobbbI e ORENBRED 5~10% ICF Uiz, HCHBEER D 2~20 AL O M O
%1% LTt 5 e (2 OWECRRZEE) 3~4 LB OBEERTRY k¥ kb b
v, TOMETRMOBE TR L L OB EEFCT 5D & 3T O HIE Ol &R
XD OO BB L Frite Uiest, 3 LHCHEEROREHECLEVE
FEBEhLEVE, N, GREARIRERMEELOTEREY, BRI k&%, L
Lz oorder RESD T Likizv, Bz b e, ERMchblzoTtfEL2Thotab e,
oK & B 7r Maxwell-Voigtbody 2 LCHB 2% 2ol ) BN MELR IR THD., DM
CoWTIHRERETCTHDD, Hlxif Andrade® oR G XA > B2 b —ETHH D,

MNP LT, ik rolEr» bbb, #Re LTokoWE L, thboEs
A 7 WHEEERL LTOWEZE LT3 O CRIBREHE TS . thrHiRs 20 EEeT 5
e, B OEMKOMKE OBEEHRLE OV T L OBBAEEORE LT ) c L 3ikE
ORI oEN D T, T4 7HEONEORM»BILETHLA D L Bbhs,

uhmo«tﬂﬁm#Nfﬁﬁmﬁmkﬁ%mkt%gf&5%,%%mﬁ%&@btb
THHAECHMEREN L0 b, bIYWHECHWR RN T oBMBEE L HE L
T E bW RS L THNE L a e TRRESLT LR LEVWESRL L 0T, &
FHHROKM L 0400 H Les o Ehike & 5 R o il o Efiih Ch v, Btk



114 - H om & a8

WEBWTCERDORERIT R Wi WEE LTS,

V. & B

TR X % ik OB Ol OB L D 81D i U M2 i Uielt OB 2 15l s

TG, D AR —E iy, BRI 2~3 R o SN T, DR ThBbhahs
zr, Bl OFEEE o R © HE N © 3R CralEk ik Maxwell-Voigt body & R L% o &

Nhote, T OREES LK ORHMIEFEEERD T, E=06~3x10"dyne/cm®, E,=13~
11 % 10° dynejem?®, 1,=0.2~9 x 10" dyne-minjcm®, 7,=09~7x10" dyne-minjew?®, =20~
© 280 min, T,=3~19min O LK,

Pk RDOR T e TR T8 70 FIMICE 1% iz felid & SEAT i i b fe & & ChRii% o
TOR & IR ROV E R A R T 2 bbb 0l

FEVE RO R e ok O R, HERE, Mz ofioi@idi oM owv g ol
B TCHEZWHARFROWEC L S CHErDdT w2 BEoTtnk,

T DOWFFICE Ut o — Bl B bt gty Glss R OFREKRD T B O JAE%%’I'%‘EP &
L @ﬁwkbfé%‘ﬂ&ﬁﬁ‘lﬁiiﬁ" OTfFgE, WL, MR X ofe, HEEE L’Cmtﬁ.ﬁlﬁ‘l 2k,
MOGERERE S L b EEa i, X, M - SR Y RIC R 2 OB TR el
Wiz, ZCELEH W LET,

X ik

1) REHRG-HE 2 BEMKE 1954 WKODIE GE 21 W), @i+ +— v 7R OPKEE. KERE
Ser. A, 13, 59.
HMEE] 1955 ik OREBE R OWE. KRB, Ser. 4, 14, 25.
Tabata, T. 1955 A Measurement of Visco-Elastic Constants of Sea Ice. Jour. of the Ocean-
ographical Society of Japan, 11, No. 4, 1.
2) Vatyagin, L P. 1955 Isslyegovaniye Prochnosti Lyegyanogo Pokrova r. Obi v vyesyennii
Pyeriod. Metyeo. i Gidrol. No. 3, 42. '
Dyeryugin, K. K. Lyedovyye Nabryugeniya na Moryakh. Lyeningrad. 1954.
3) K %1956 fEKFA D 7 FY v, (EEBEE, Ser. A, 15, 197.
4) Glen, J. W. 1955 The Creep of Polycrystalline Ice. - Proc. Roy. Soc. A, 228, 519.
Perutz, M. F. 1947 A Description of the Iceberg Aircraft Carrier and the Bearing of the
Mechanlcal Properties of Frozen Wood Pulp Upon Some Problems of Glacier Flow.
The Jour. of Glaciology. i, No. 1, 95.
5) W E-HMAEE 1954 HOKOREHERIA BRI OV T, KRS, Ser. A, 12, 87.
6) WEFEL NG THE®RK 1953 MKOBIS (3 17 8), #KOMEMR, RICOKRKY 2Kk KL
T MRER, KA ST, EEBEE 9, 113
7) RMFESC-ATEH— 1956 Bt -Hmok-iok o s RO R FERE O 20T, KRS, Ser. A,
15, 137.
8) Andrade, E. N da C. 1910 On the Viscous Flow in Metals and Allied Phenomena. Proc. Roy.
Soc. Ser A. 84, 1.
Ditto 1914 The Flow of Metals under Large Constant Stresses. Also Ser. A, 90, 329.



Wik o KoM o pt & 115

Résumé

For the purpose of studying the visco-elastic properties of sea ice, some measure-
ments were carried out at Monbetsu harbour located on the Okhotsk sea coast of Hok-
kaido in February. Two procedures were used for masurement. One of them utilized
the bending of a rectangular ice bar under static loading. The ice bar was sawed out
as shown in plate 2. The load was 16.8 kg; the dimension of the bar were about 20 x
40x 250 cm. The other method was the compression of an ice cylinder, which was cut
off from the coastal land ice by using the hand core drill. Diameter and length of ice
cylinders were about 6 cm and stress was 2.7~3.8 kg/cm?®.

Strain was magnified about a hundred times by magnifying apparatus and recorded
in the self recording drum as shown in plate 1 and 2, 3. Measurements were carried
out for periods of 2~19 hours.

Fig. 2 shows an example of strain time curve obtained from bending of an ice bar;
Figs. 3 and 4 were obtained as the results of compression of ice cylinders. If one pays
attention to the first two hours of these strain-time curves, they may be seen to be ex-
pressed as follows

s = A+ Bt—Ce~“*

where s is the strain, 4, B, C and a are the constants for each curve. Let these con-
stants be denoted by formula (2), then formula (3) will derived. Formula (3) means that
sea ice may have the same character as the model that constructed by a series connec-
tion of Maxwell unit and Voigt unit. Elastic constants E; and E., viscous constants 7,
and 7, of Maxwell unit and Voigt unit repectively can be determined from formulas
(1) and (3).

The results obtained from the limit of the first two hours of strain-time curves are
made into tabular form in Tables I and II. In the Table II, # means the angle be-
tween the main axis of ice cylinder and the surface of sea ice. As the chlorinity of
icé cylinder changes with time because of the falling of the brine contained between
the small ice crystals, the values of chlorinity measured before and after the strain
measurement are shown in Table II.

It will immediately be uunderstood that the elastic constants E,, E. and viscous
constants 7,, 7, observed in the case when the stress is perpendicular (#=90° to the
surface of the ice, are larger than those observed when stress is parallel (#=0° to the
surface of ice. '

In the bending method, though the direction of stress is parallel to the sufface of
ice, elastic and viscous constants observed (Table I) are larger than those of the same
cases when compression method was employed (Table II). This will be caused by the
differences of temperature and chlorinity of ice and by the diflerence of stress. But in
the present study, dependency of elastic and viscous constant on the temperature and
chlorinity was not ascertained.



