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'z‘—; 50 0.067 0.078 0.082 0.023 0.067 0.040 0.075 0.013
—U‘-Z 60 0.066 0.074 0.077 0.022 0.061 0.041 0.075 0.011
?% I 70 0.065 0.073 0.087 0.023 0.060 0.044 0.069 0.011
<E 80 0.066 0.071 0.076 0.020 0.062 0.042 0.068 0.009
S0 0.064 0.071 0.076 0.019 0.064 0.044 0.053 0.011
100 0.063 0.066 0.073 0.019 0.064 0.046 0.053 0.010
100 0.061 0.064 0.072 0.019 0.065 0.042 0.064 0.009
1.3 0.140 0.135 0.073 0.092 0.048 0.106 0.058
11.3 0.098 0.113 0.041 0.078 0.045 0.098 0.026
35 0.114 0.113 0.039 0.083 0.045 0.124 0.016
,§ 40 0.108 0.113 0.038 0.083 0.042 0.113 0.013
% 50 0.108 0.107 0.038 0.085 0.042 0.093 0.010
;E: 60 0.108 0.107 0.039 0.085 0.048 0.090 0.011
§ 70 0.101 0.104 0.039 0.086 0.041 0.089 0.017
80 0.103 0.103 0.040 0.084 0.042 0.086 0.025
| 90 0.103 0.097 0.042 0.086 0.043 0.086 0.037
100 0.101 0.098 0.040 0.086 0.042 0.085 0.046




DERERE —5°C, HE 0.2 cm/s

TEEEKHEE V ERKoEBER

153

PTFE PMMA PVC PE zjirlitsit-er epotar inata ND-4X  Adron 5}13089 F2035
coated 160 BK BK
0.023 0.047 0.017 0.106 0.094
0.024 0.034 0.014 0.122 0.075
0.020 0.020 0.013 0.143 0.066
0.022 0.022 0.012 0.148 0.063
0.016 0.021 0.014 0.144 0.060
0.013 0.021 0.015 0.152 0.064
0.015 0.016 0.016 0.160 0.063
0.016 0.015 0.016 0.165 0.061
0.013 0.014 0.015 0.178 0.062
0.013 0.013 0.016 0.184 0.062
0.046 0.104 0.090 0.067 0.167 0.104 0.085 0.050 0.100 0.063 0.094
0.030 0.053 0.039 0.053 0.150 0.131 0.079 0.021 0.038 0.035 0.091
0.023 0.036 0.032 0.048 0.165 0.096 0.085 0.0t7 0.021 0.044 0.102
0.020 0.034 0.030 0.046 0.170 0.141 0.085 0.015 0.021 0.045 0.104
0.018 0.033 0.030 0.047 0.175 0.147 0.087 0..01 5 0.020 0.045 0.100
0.017 0.031 0.028 0.047 0.178 0.149 0.088 0.014 0.020 0.046 0.102
0.015 0.029 0.028 0.048 0.183 0.148 0.088 0.013 0.020 0.046 0.105
0.015 0.029 0.029 0.049 0.184 0145 0.084 0.014 0.022 0.047 0.103
0.016 0.028 0.028 0.048 0.180 0.146 0.082 0.013 0.025 0.047 0.103
0.013 0.027 0.025 0.049 0.178 0.145 0.086 0.012 0.023 0.046 0.098
0.014 0.026 0.026 0.053 0.180 0.080 0.011 0.021 0.045 0.094
0.054 0.221 0.102 0.073 0.200 0.192 0.106 0.038 0.065 0.040 0.104
0.028 0.123 0.072 0.073 0.225 0.236 0.090 0.018 0.026 0.028 0.100
0.024 0.140 0.065 0.060 0.229 0.243 0.095 0.024 0.021 0.021 0.102
0.019 0.241 0.066 0.055 0.228 0.247 0.098 0.022 0.019 0.019 0.102
0.017 0.255 0.068 0.055 0.228 0.245 0.092 0.023 0.018 0.013 0.100
0.019 0.283 0.072 0.053 0.215 0.253 0.088 0.019 0.021 0.013 0.099
0.017 0.275 0.073 0.053 0.208 0.225 0.081 0.018 0.019 0.012 0.096
0.020 — 0.073 0.053 0.202 0.222 0.080 0.018 0.018 0.013 0.098
0.018 — 0.073 0.052 0.194 — 0.078 0517 0.018 0.019 0.099
0.015 — 0.075 0.054 0.188 — 0.076 0.015 0.018 0.018 0.097
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5. EEEDERCIDNT

Uik DRI RTRE . 7 74 v E B LHEEHH LT T, 754
VITEBEAEC LA TEBER YRS LD T, 7714 vHiRkiEokEeTs52LbExb
ns,

LL7 o4 vORGEREY TS EThE, BEERREECEKET IR TTHS, Hlxk
AEBORFEE Scm/s HOEEAEL LT L7Xx10™ F 43 35%x10%em/s & UL, pe ik
107 70 LI0S 5T 2133 Ch 5 (K LEDEMER 2 ZbbLWEAR), ZOREHL
DNET B FeDIAT o 1B EE DEBROBRELE IR L, m R TFERL, m#E Gem/s)
DHELE UL, ThivVEIRE o1,

Ik EREREEEORER
B —5°C, #E 50 kgw

5 o | EOE | IS | o
K D R 5 x—r/vx—f/vl/) ’iﬁbﬁ}f%‘@k?‘ﬁﬁPlFE] PE AF —R|HFVEA

160 170 —v

(cm/s) ANEE A M A ﬁ@ﬁ!
\ 17x10-¢| 006 | 026 [ 0.07 } 003 | { 0.60
B K asxi0-s| 007 | 028 | o1 | 0.14 | !
o 001 | 004 ' 002 | 003 | 004 | 003 | 006 |
Bk | 17x10-1 004 | oar | ! | 005 | 004 | o2 i 0.2 |

FISEI AT v v AFRERHE 3.5x 105 cm/s, A8 100 kgw CEE L1z & & DEEH
MThHDH, BREMIEEVEDLEDCHALT2HME (MoK A) 2D 03mm -
TeEATEIRK—ElE o Te, BED
BAOCHATHOARKD 7 ) T IBH | 5 52%%0cw@
OEMEEOIKCE IS DTHAHS, Z0 x| W=100kgw
L EOEMAERIIEEICKRETHDT, 20— z
e DEE R AT, K & =5
BeEThil, £3ROERLEHBT oD
BEOEMMAEEY 100 ~10° 54 2 i hidis
LY, TOXOCHEBREYEZLDZ LIXATTHE
ThH5H (35x105cm/s D& X4 H (44 cm?) 10
DIEBWEMEY Lick LT3, 5em/s TIX 1.3
X107 cm? & 7g b EOBEARE O E I3k OB
T X DILHMIC K E 800 tonfem? & 7t B), i
BEROETHEND LK, FIXROERIIL
LABMAMBEERLE LCHHEhD, T0Ex 0 n et
CILIEE T OB DAL RIIT B 1L ~ : k.
10 f5 8215 0 H 0Bz BT DU K % % % hud BIOE BEREORMER

RIE —5°C, HE 3.5X 105 em/s, & 100 kgw
CTHL I, (-4 7 — K

b

R

L
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6. EEEDOHRE

FI6 M EB, TIAF 7 A, BRHOXBEBEEHOEMBEFEL R Lic. BE#METALS
EBEBONZI ATV VARRE2) RT3 =V AFBEHG)CLEROBROF A3 H -
oo A7 VU AKEQ), ¥V 2 e A FEET), SHFER Q) FRXMME L OHE TH- T, Hic
1) DMMANRT L,

10, 11 © PMMA, PVC TIZBE X » CTHREF AT R EROH AR S hi, 9, 12
® PTFE & PE CfliDd DI HAREREERXE LTHANBERBELYHRC L2 5
ERTERd o7, 15, 16 OBHEEIZMMNOSHHE T, 15 TH - ES RL 5T =Hx -0
DEH L CERL IR LA TH S,

V. & ;=4

U EDEND, dKOBBIBEMCREOMIE LIKETHZ L, REMXK
DEERIND EHBEBEAR o WK E BV &, BARFOBBCR T X 2 BEEE
BORBTHDAT 4 v 7 AV vy 7TORETHHEODHZ L, BRKEITITA vEw>HE
BaEEATVHDIE, TOBEHED wm IFRA ERBbhisn o & b s i,

DTeMESR, RKEMIOHE, 7754 vollE~0Fs, BEEEZCOVWTSEEY
mzTL,

1. #HEPHRCOOT

HEOWMABDOBEBEOWE T, m AWMEOWINE & LW KTH L0, MicHd+5
L0, WEREKFEL T ~EEERTI00H5Z 2T TN, ChEDRSELEECH
BT 5 R EM LEREOITOR T2 EOEMECE R LEERN M REYLEL TS
B, TITREI L TCm R LY, WP Lih, Lol THO DV THE
TeBERMLHEED D,

MEOWKE LI WP THORERTFRE RS IOBEREYE L VBRE TH S,
INODHE mllFMBEOREVEIA T —ELlLoTWd, LD LRWEDOKEVLZ
AHTKE BEABR MR I 5 EoBMERIHECLAT2 (oo ET% P,
ETBHE Po=—3E) 2, MEDPNINEZATIR P LWENNPEI, 2F D ERETIIE
DEMEBRSHEOE DICIA{ oo TWB EBREIND, LTABRY ) an A HEBEOL ST
HOE TR > ) 2 v ( FEOERLE CHAT LD, WEONIWEZATHEMEDOES
PR TBDTHA S, MEDHME & LT e MERTEHDIL, FEbaEmE =
RE=AE NI V) 2 n A OFRCERDORBETIHE TH D, BELETHRE LICERE
POk OEERCR YO bh (5 K), FEEBWEEFEREBMOBEL 55, ERIHE
DREVIZEM UL T, e SEEDWEME L VWK TIDTHAS S, LB B
s D PTFE C e —E & 70 % O EO#MIER A »Eic PTFE OIS/ S h,
ARHECLAT DO THS S,

2, RFVLRADERICHITIHIOHRICONT
AT VLV ADKRODBEHEEMATHLIL LIcHOBBELIE TS E, RUAT v
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ATHHVCEOEZENZE LS KE W U~106%) TEXHES IX, BL2RENLDLMDI LNTE
5, BEMEOBEOEMERIZ, bl EFREAOHLBKENERDLRDDT, M
HTIORELBEOKE DI X HOBMBEIOKR/NMCE - THBTEZ L1XTER,
LIRS ZI D 23T o 7ok D BB O R O T, KOBIRH 11 S bARKENE
W (9 1/100) & &R LT, kEHEROBBCRT AR LENOBEE®LIERL
oo ZDD, LBHOBEECIATEN INSME v VIEKA, K TIREWEN Y LE 2
ZELDB,
HWAT v v AT &k & DEERTR sea ice
ATV UVADERIP IS LT HKIZRT X
SWIKDERE ik, Kicis i -
THELZ ER D, £DEEOEE DI
YL Fp 13 1T H 18 E EAREANDOEDOH
MEEH A* EKOBEL p ORIIZIESE L

N
WTHHH, —H, BTN IEPT Fs 3R real contact area”
E%7K$EW;“%ZL?:E%A&§%E§Q %17 x;yvz*ﬂﬁ&.}k@%m
Wioh X s ORICE LS, BEEER Fi ATV ADERD AT L VRA T By
AGEOFEMELY KFEICE B LACEE, Az
F=FE+F = As+Arp KIZ QR A KRR & TeE H (7877 C]E) i<

EBbbIhD, WKD PIIRETHD BRELCEE, AP EECEEICE L

B, kD7 VR AEX p (—5°C TT00 kgw/cm?™) X D#HIEWLEELTIWTHSH, A
7 v VA ERKEONBERIOMEITbLIWA, Kk & Off 5 kgw/em?’ VB E, p
WL s D100 b /e b 0T, WHRE LHEE A* 2 MK A 0 100 50 1 BE 85 L1
DRI LERYEH TE 5,

L, FICHFRETIME VR LVERAZEH TEL B2 5L, HUHEOM YR LEHIT
BB DO A~I0fEL W5 2 LD, TMAERKCAVGIEFETHL VW2 ELHRIER1LD
MBIBEHEDDFANH D, LiehisThlk ) OE IR LEHEZSATHD & Biet
EThHsH9,

AT v UAMHEOBEBBIIAT 4 v 7-2A ) » 7THoT, THIT—EKCDDRAALTL
AT v U ADERMEKITEDI—ERE - TEHL D, B 2Rkic i 3k o LT
BERAOH GBTHROMADB) WELIEZATKEMZ ERTHEEL, TX-TLE S,
WO S1E 2HC) THUKE S WAR, MIEATT EXKR AT DRT, = DDl
DEEMBELDDTHD, TODART 49 7-AY v FIAKESBCLEbRED, AF VLA
DEFRDKAD L VRRICHEDL EEBL2bhD, —H, BROVIEVEBETIE, AT 49 7
Ay FRRAE LD T,

3. TSAVDHEBNDOESRLUVCEERBEBICOOT

B DOBREIIKERNC 7594 vEEATHDHZET, 774 Vil O
Hx4skichloThRb L, TCTCRBERZDIT T4 vHREIBRKDbDO L 5 EDEfil
Hb gk EhCwb (0F DROBIGHERIER) O, HoMcfE 18Man ko



158 B BE - AT

FBE 754V TALETHLRRBA (a) & EHEER (b)
a: 75 A BRI OEEREM A PIIF B, b 77 A4 v A IO BTN C
HrEh S h B R Y L T B

HOBEMEMCR I Eh Tk ERBRAEOEOEMLZ S £ TnbD0nE5nb w5k
ThHbH, 794 VHNEERHRE SO0 E 5T HEK O BEEERE (RABEE-BEEED,) ik
EANCAELTHL DT, HRKOBBLETLARLERLMEDO—DOTHD,

BI2RE 4B XU 2 FTHIK S K & DBEBIRE it B R5 L BHE AR
Shigw, M ESBI9BK 0 X751 vER G EEBOBAKTLEDOLHD, AT V1
ADMCTE R, WIEW, MLEEHE S CRKRBEEOBRRLEINDBEAT 4 v 720 » 7D
RETHZEIENDL, 794 VIZEOEME R AW CEEMEMATER Sh T3 &R
END, FOZERAT VVARH 7 ADOFFEHEI2VTHEWVE D, b LIhSLOFBECE
DEMERCIIZ TR 74 YORREEE 235 & TR, BEER FRfEBEEORR

F=n§A

LB TTHDH, BL, 9754 vOMERE, v i BERE, AREIdDFFA4 v THE
EhEBOEMBEBE THL, FORIZIEXHET DD, vERAEED Sem/s, A% 4cm?
d% 10™%cm &35 &,

F=36grw

Eieh, CHEENINCEEER (X7 v v ARBEOSEE, ES0kgw TF=1kgw) ®
30030 LIt &, SRKICENTOFEMEOLMEITYES M4em R0 ecm DE XD 7 7 4
VTHEIRTWIcE LT, £0ODIAT 5 BRIEIIL 40 grw TEMN IR IEED 25 50
1LERBTTHD, €T, 754 vORBHRTGEELTI L,

L LIREEEYE S S LT, EE R DR E mBBLT 3T ChBM, ATV
VAT CHRE R Scm/s 735 35x107%em/s ¥ THE L TH e TRk ERE{LOH bR 2
Eh LofEmEZREL TS,

A EDEBE CIIMiK L #EK T i KKRED I T &R A IIRICE 2 @il #lo—o& L
Feds, b LMK DBEE CREKATER IR TWwS ETHITREIIE S, o CEEROBRE |
AEBRF LTk 5,

BERLYREIRRALBETIMEOERERE DO LR UT) wounTit Jaeger® 0
Ao TC, KRNTHEZBIS,
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Hx wv 1

AT = 4a b+ k,

HL, Wi, ViaRE, « SEEBEMAOERE, b, LXK ICBEHOREER T
5o WERKOREERAZRE LD, i, W, VIAFEROG KT =02, W=
10°dyn, V=5cm/s & i\, & & LCEEMED L\ PMMA Offid fiv 3 &, Ai=22x104 k=
2x10*erg/ecm+s+k, a #{Ric 0.3 em {(FEH 350 kg/cm?) &35 &,

4T = 0.3°C

EhoT, =SCUTTThbhERCIEMBEOLEYER L TELE LoV, Likdis
THIHBE DR B ELEDOSLEL R,

VI. £ & ®

Wk EBBRBEYMRE OBBCETAIEARNT - 222528, BIUT 74 vOlE
DREWALPC L, KOBEBEEOTRDEBHAMNT, 2ROTFRABRE LK IT
WK EDBEREGER e ¥\ WA WADOHE (1.3~110 kgw), HE (5~35%10"%cm/s) &3t LT
H7E Ui,

UM X 5 T 0003~03 Dfik & e, WMELXEZLHE, me NHEOHAL &b
WA #7350, B: Hd35430, C: —EOLDHo7e, LT, AdmbkEL, B
BUIAT 4 v 7-A) » 7&inh, BC e N E s iz,

HIEEONS VDR a—F 4 vIEOND-4X L7 Fa v, A5 v U AEEBHEH 743
= s, VIarnARBEETH N, LT Fr v CREELABSRICHELL, ERRAT
AT v U ATHHMOCELFEED 4~10 S0k X mBEY R LT,

WKIZT 74 vEWCSERMANBR LTS ATHEERYEH TH LD, BIEBERK TE-N
HEfikE oMt KERh -1, TRV GHEOEE LT LT m OFLIZH Fic e &
* 57,

mHe 7514 vOMBEERAL, 774 vRIHBOFLE LTV EWZ ERRL, XKD
FEBRHEHE I IOk DRI L ) UM OB RED) ThbHEEL T,

Bbhhic, fikEEEYHOBEROMBEYIHERL, AMEOERTEHMIEBDELN, »od
B, BEABORPARESKIEZFEMONERE R K, AHECE LE«§#H 2 h,
Barrow TOWIERCE KON % T IEEM L ATRKTAREROFTHEKYHE, X
BN RPBE OB E#HN LT T,

EEREE A BUE S hCEIRB S PRGBS - FMBRET, -~ » - COWRITHZ
B UMFEE % 1225k Naval Arctic Research Laboratory O EIFTE Dr. Kelley & 8o
FAiBHt Lz, kv Y a1 RBRRIIYY 20 A IEFTOKHEEE—EE25, ND-4X,
7 FevE&EDa =7 4 v I/HIERBYHANERLBEENLRE I,

ATRIFKBIFRRZ 7 5 2 » BEEC L Y Thhi,
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Summary

Nowadays, practical matters resulting from damage on oil piers, lighthouses, icebreakers,
etc., have exalted the importance of a study of friction between sea ice and marine structures.
Sea ice is also a very interesting material from the viewpoint of frictional mechanism because
it contains a liquid lubricant, namely brine, in itself.

A f{riction apparatus as shown in Fig. 2 was made: a truck 50 cm long is driven at
various constant speeds from 3.5X107® to 5cm/s by a motor and a set of reduction gears;
a cylindrically shaped ice sample was fixed as a slider vertically in space, with its bottom in
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contact with a horizontal surface of a plate (metals, glass, plastics, or plate with a coating)
which was fixed to the truck by screws; a load from 1.3 to 110 kgw was applied on the ice
sample at the top using a weight and a lever. Then, as the truck moves, friction is generated
between the bottom of the ice slider and the plate in contact with it.

Ice samples used were natural sea ice of Barrow, Alaska, commercial ice (pure ice) and
artificial sea ice.

Results of the test at Barrow (April 1978) are shown in Figs. 4, 8, 9 and 11: the coeffi-
cient of kinetic friction, g, in the ordinate against the load in the abscissa were found vary-
ing in a wide range: from 0.01 on glass surface, to 0.24 on a surface coated with anti-rusty
paint. In general, the smooth surface had low friction, while the rough surface and the
surface, from which abrasive materials come off easily, had high friction. When the velocity
was changed by 10° times from 3.5x107% to 5cm/s, the change in g4 was as small as a few
times. To examine the effect to brine on friction, friction of commerical ice was measured.
As shown in Fig. 12, however the results are that it did not differ so much from that of sea
ice. Therefore, one may conclude that brine had very little effect as lubricant.

Friction of natural sea ice, artifical sea ice and commercial ice against verious materials
are tabulated in Table 2, from which it is recognizable that low frictional materials are ND-
4X, adron, stainless steel (smooth surface), siteel (steel contained of 5% silicon, sanded with
4/0 grade emery paper), PTFE, etc.

It is noticed that a coating of adron wore easily, as shown in Fig. 13 (No. 18). It should
be considered in practical selection of low frictional materials that they need to possess low

friction as well as anti-erosive and anti-abrasive properties.



