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TINTHDIFENZN N, Z DT, B OE XS
<7eb, MR GES) AWEL. & ZICHERORE)
N5 &, FEEEY O TN L DAL, it
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L7z (BYOHIEIEMN, B-5 OF) 12X, YlalozsExk
# 60 Spkth ORI AT, FIAOIKIHARE & A
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T LITHER), ZOXMF IR BEAK 30 b7
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MEAZ WED Y > 5 Tl 7 ) OIS S H,
THEGEENC L B S 5, eRfEiL, BT
10cm, BEIIOKOAFELFIC 8em, [E X1 14mm O~1E

Ok & OBl 10cmx8em) % o7 L— RMUTC, [FIX
ORT LI, INEBRAVE—ICEER, MES Y v
IO ART 2, o, HERDT > I L KOG
BhIEOD 7=, = VERIZIE Smm FREEO MY & L7,
Z DIZOFERDIK & D FNT O IX 9emXx8em & 7
S TW5, MHERAFKIEITIER 7 7 A AT L A3
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RIEROIKD AT r— A % —TERE O EEER) (RiRH
Bt 30cm) (ZX 0 EEEREED, ZOBEEOHAFET,
AC —RE—F— TRV EERES L 2 L THE
BLUTRY, RHEOZE L0 B aTRE s
& 72 TND, Y 7R RO, BB 1R (RSEE 1mg,
A&DER), B EIIROM AD4212A-1000) % FAUN T,
BEAEFITHZ ik, BFE (8FE) B2HE
U7z, MoFHAFER & UC, B LBl 2 e
HZEaERE LT, KR LUSAE SRR E,
RS DEN A FHI LT,
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Z0) TlE, BER BTER T 2 Y= MRS T,
2T LA (SUS304) BLUFZ o (Th) &V,
Alalé@tadiis & LTz SS400, SUS304, Ti ofif
JEIX, By A — AR S| TR L C S TEIEN, 182,
163, 218 Th o7, RANTOBRTES) GpiEfrEz R,
DNTERERE CEl > 7= b ) 1, 0.6MPa ZA%EMEN/ 25
& L, BERTIE, 0.007~1.6MPa O#PH TIhE LTy
%o ACHRETRFE CEANT ) OKBEOBEN AN IRE 72
JE4) SEHRIEINTANEZE < Feu s, e~ 5 I NK
BAABECRHR SRR I AU, BB ARG
T CRRIE LTAZHERISE (0.6MPa) LLF S HEE S,
FER EA-57e BT D OFIPHCHE L TV D L E 2 D,
BERREL, £90.06m/s (Itoh ©TI% 0.05m/s) AAmnE
GfEE LT, 0~0.15m/s OFPHCTI 7o 7, B RBEERAEfE
I$B L% 50km & L7z, RHHOHEG B, SR IKL
BIIHARIzIZ1 & L,
Q) 7TV TR

Rk 23 T, EROMEERET D20, SEM
BHZIZ SUS %, JKiEfok(Freshwater ice) 2 vy, i
BT 13 B ETHFER OOV TR, ARl
ZAUTINZ, SMET DRI (D) OREEE (Hoki1) .
JERIZEDBEAER O ERT D70 L, ix e cFE
L7z, &L SS AL, JKICIIATHRKEB LU
HICEER L7=Fok bR L=, 48 L KO DIAED
FiEe UL, B & Ak, OKEHEIC, e —HRCE &,
FRE TRIEIKERE DU RS S/, L7
I, BER L7 AR D ORER & S SRR 2 18 E
L. BEARSMEE LT, ekt 0.7mm (554544 3.8)
D)IY% 0.05g/em2 L7205 L 91Tty hLTZ (BH8), 72
FBEIE], WOENRIET LR~ D72DIZ, 0.01g/em?
~0.12g/em2 |2 LS TIME L7, KIZ, TEHEET
aKIdRE S HYERD) . WINRA LToKOEm
PVHICTAZ L2 HNE LT @RMEREZ KEHEIC
PR ESHE, Do VENENTHZ K IR L,
ZAUTHPRIAE N T2 0 @ WEN &0 b8, J£7)
AR E Db 6D, ZNEBRESELT Y 72K
ML UTo T, ZINIEROVIERETH D, Fi-, &
BOFERICHE T35 2 L 2EE LT BRERDOEE
PREFAZ L DT 7 L TR~ DA 55D 120K
DAk LOB RO A ME S5 IR Ehitn L 7=,
Fio, FHKURES, BB (SR . Bl H
PIL, FREOE RS L R CTh 2,
44 HEREREBR
(D) ERERERER

B9 5K

X8 JkDREIHFZEL Y b LIZKE

F BEROREE £ LT, HFERI IR
IHTERNHI L TR L, ZOBEMAE CERL
T-AEFERmm/Am)IE, BT & & HITEERT D23,
0.5MPa Riif£LL ECIE, REZREINTASNT (@95
). SEptklo (k) EERERrEA 77 Holm ORUZ
WE LIRVRER & 7o 72, SUS OEFERIT, SS (T
2 A—H—h&<, TL OFULFFEeTHY, SS &
D X OENOITIIHAN DD, MEHEFEL, ik
HIEERE BEEHAWNIT 7L 7)) LV BEBRICLDE
HREMNIRENT L RSN,

0.003 -

Friction velocity: 6cm/s
_ 00025 SS400/Artificial Ice
>
S o002 - ./ .
ke
IS o®
£ 00015 ¢ ® SS400/Sea lce
@ @<—— distance amplitude of 1cm
© 0.001 °
= °
© 0.0005 | Ocm/s o 1
Q Lo Artificial Ice / FW, Ti, SUS304
; e K e
0@ |\\ | % .
0 0.5---" 1 1.5 2
Contact pressure (MPa)

-9 BT S & THHERER & DRk

AlElE, E£7, ARAREFTOR, B CHIRL 72
KA L, BERO N THPKIC X DFER & b U7 i
RAB-9 TR Uc, NLHPKITHAZ OHFER)OR0
INSWEZRH DD, TOKZRHIFRFL T2 & bd
0T FA4 L ORIKIZ LR B NS ol D b %
BT D & RN TIKIC K D EEEGARRGS o254
ERNRL TN EEZ DILD, RIT, FERIHHRIREE
BIRIETE DS BRI ET AR DT, T
B DOEACHMEFERA T T OV TN, 5
L& iz, B-10 1Tid, #7759 0.6MPa TO)
JEEGEREE & SPEHEFER L OBRE T, 7o72 L. HHEER
BERICE Db DL RIGE. FiEd ) oBEFER
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(mm/day) CEHL7=HLDOTH D, KLV, =0 o
TEFERIT, RS I T L CHER L QU D, BRI,
FEESERE N B OlE, OF T LI=DA CIIEREE T
Yo TEEL O Ui 2 &3 BRI S ERRSRIRAE
WZEAbolEbnsg, FRERIZIE, #ENEr T,
D CHAE S0/ NS (BRHEEEOBEDOR) h
DFEFRBIXR LT ASORBFERIIEINT 2 2 &b b,
ARG ORRBIEIR T 5 £ B2 5, £ ZOFEFIIR
“QITHEIR L TWD0S, BT 2 LASBU T a7 R
FTHZE LD, SHITEEESER ORI LB L CHY
92 B2 BRI NI CH 578, BEEEAD R Z X
HKBDWNTEREmINE T 5 & &b, b
DEESERAEINERI 72D 2 LI X B IRFRIHAR R A
LEZDND, SDITEANEDEEBIZ L VIR LERE
EEDNERT D E bEZ HILD L, KOffiE Rk~
TA DR ITEIRT D RREME S D, IKFEITHIC
RN RAETH 7203, ARNTHEZ T X 2 BHE
TRIE DMERR CE I o Te, ABROFHIIRRWEET
b5,

0.005
Apparent contact pressure: 0.6 MPa

0.004 |

0.003

Averege wear rate (mm/day)

[ ]
0.002
$
0.001 ° L
Apparent contact pressure: 0.001 MPa

A/

0@
0 5 10 15 20

Average friction velocity (cm/s)

10 FHERESRREE & TH9HRFER & DOBSR

AR X D IARFEER TR, @JEMEOR 2(10em) LV
HIKOR IR, HRIFHEHED 30cm THH0 5, &R
LHET DK ED NS &SI D = L1 D,
TE DI KOEEE A 7250 il K 51835728
PRIEEREEZ 1em & U7 BEESER O8N0 Uiz, B-11 120,
FHANE TRI50km FERD TO, AZHERREGRIE 30cm) & 17
8 lem (Z361) D ekl A HHE L 7B T 5, BT
RSN (ERAERN) DB TRk &
7o THIVTNDDIZH L, #HE T, k= > I
FROIL, RBRAT RIS E VAL QRN E D IZA
250, LLBIERT D & BRELIC WERVEThH 72,
FAGIARICTH LN, EIUTERERREI TR A LW
R T % & o ESRHHE DB T D,

By 58%
fih7, B9 T DIFEREZ R LTz, RESBH LT
L0 TIZROOR RTINS, BIRMIFH L7k
IANDRBRIAT  UHRHTHFEL T D DT TIIZR< R
TZRUEIZ, HORRERBRA PRI HHEEL T D L
RBEND, THUTEAMGRIREBIZ b Hb 63 H HRED
W TR SN0 ERIINEM L LT, BRRIEDNETE
(2705 L bEABND,

(a) #RIE3

(b) =E lem

BT EERMA LT HKED S 5. FHEREET HKOMEEA
ER DA 0FHBRARERT DG

PLEXY FHERICE DL S 2 -0, i
JE SRR O A IR SRR A oA BRI DT D
WREICER T2 DO THD Z LRI 545,
@ TV TEARE

FPMREEORERICONT L E a— LTI, EER
Bt - BEFER: L OBIRIC OV T, HIINCRE 7eBERER (Hh
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Abstract

This study aims to clarify the deterioration mechanisms of marine and coastal structures due to sea ice action
and/or to the cold environment, and also to propose appropriate measures against the deterioration. Especially,
we have focused the mechanical wear and corrosion of metal materials due to contact and friction with sea ice.
While a mixture of sand in sea ice has been found in some surveys at coastal areas facing the Okhotsk Sea, we also
clarified the penetration processes of sand particles to the inside of ice by an experiment. According to tests on
wear due to ice friction, we found the abrasive wear by natural sea ice including sand particles, and that the
influences of contact pressure and friction speed of ice between metal test materials to corrosion related to the
activation of material surfaces or fluctuations in atmospheric (oxygen) supply. When abrasive wear and corrosion
wear cause at the same time, the wear rate could be greater than that by the sum of each wear rate and the
synergy was therefore expected. We also found other various facts according to the tests. Also, we made the
exposure corrosion tests of steel plates (SS400) at a port and a coastal area facing the Okhotsk Sea in winter season.
It was presumed that its corrosion rate under the cold environment was several times that in the normal sea water.
According to the test on thermo-galvanic corrosion between air and water, there was no influence by the corrosion

process when atmospheric temperature is lower than that of water.

Key words: Okhotsk Sea, sea ice, friction, abrasive wear, corrosive wear, deterioration, coastal structure
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