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BEAUFORT SEA
CHUKCHI SEA

ALASKRA

STUDY AREA LOCATION

0= BERING SEA

®3.1.1 MEEHE

#3.1.1

MAXIMUH MULTI-YEAR [CE CONCENTRATION 1972 - 1881

REACH JANUMTOFERS™ MARCH''Y APRILT'® MAY" JuWe  JuLy  AUG.  SEPT.  BCT.  MOV.© DEC. .
t [} 1 0 0 0 9 H 5 7 5 5 1
2 [ 1 1 0 0 9 7 5 8 B 5 }
1 o 1 1 0 [ 9 9 8 9 9 5 3
4 H 2 1 1 1 10 10 9 10 10 16 ?
5 [} H 2 1 [ to 10 L] 10 10 5 5
3 1 0 0 1 - 1 9 [ 10 1o 3 i
7 0 - -- 0 - 1 1 0 0 H 1 1
8 .- .- - -- - 1 1 0 [ 2 0 1
EEI:

Concentrations given in tenths
= indicates no dnta

0 indfcates no multi-year ice
* 1980, 1981 dats enly

* 1977~ 1981 date only

**4 1981, 1982 daks only

HOTE: Multi-year ice type inc¢ludes all old fce, according to
accepted definition for Interpretation of Canadian Ice Charts where: 0)d ce 15 sea fce which has survived
at least one summer's malt, Most topographic features sre smoother than on first year lce, May be subdivided
fnto second year and multi-year ice.

SQURCE: Atmospheric Eavironment Service
Composite fce Cherts




MAXIMUM MULTITEAR ICE CONDITIONS 1972-81

JUNE

z

BEAUFORT SEA

ALASKA

0—23 % COVER

25— a8 ¥ COVER

43—65% COVER

85 —8%% COVER !

SCALE ['8336000 T
85—100% COVER /

B31.2a

MAXIMUM MULTIYEAR ICE CONDITIONS 1972 -8

DECEMBER
N
e 5 BEAUFORT  SEA
AT
7.7 A -
/ 104 / a
8 m)“\ _ T

ALASKA T~ 3

0—25 % COVER

25—43 % COVER

} 45— 65% COVER /

65 —B85% COVER ; !
SCALE 116336000 f

85— 100% COVER

E31.2b



F3.1.2

MONTHLY MULTI-YEAR ICE CONCENTRATION

JUNE
YEAR
REACH e 73 74 75 76 n 18 79 80 81 HAX,  FZAh
1 0 9 2 1 5 [+ 4 5 t 1} 9 1.8
H 0 9 3 1 5 ] [} [ 2 [+} 9 2.0
k| 0 9 2 1 E ] [} 2 H 0 a 2.4
4 9 10 2 10 9 ] g 2 0 0 10 5.9
s 9 10 a 1 9 1 9 i - 0 10 2.3
3 0 10 2. ¢ L] 1 ] 1 - 1] 16 2.5
H 9. 1 4 1 1 [ 0 0 - 0 1 0.3
[} o 1 4] 1 1 0 Q 0 - 0 1 0.3
XY
= concentrations givan in tenths
= (=} indicates no data
- 0 indicates no awliti-year ice SOURCE: Atmospheric Environment Service
#3.1.3.
MEAN MULTI-YEAR ICE AND CONCENTRATION 1972 - 19B1
REACH JANETH  FEBY**  MARCH***  APRIL*** MAY**+ JUNE JULY AUG. SEPT. o7, Nov>**  DEC*
i [ 0 o] 1] 0 1.8 1.2 1.9 1.3 1.4 1.6 0.5
2 0 Q.5 0.5 0 [ 2.0 1.7 1.9 1.7 1.8 1.6 1.0
k| 1} 0.5 Q.5 0 0 2.4 2.5 31 3.5 32 2.2 2.0
q 1 1.5 1.0 0.5 Q.5 5.9 6.1 5.2 5.8 5.4 6.6 4.0
s 0 1.5 1.5 Q.5 [1] 4.3 5.5 4,2 4.0 4.5 2.4 1.0
[ 1 [ 0 1.0 - 2.5 2.3 0.9 1.1 2.4 1.4 0.5
? ] - - 9 - 0.33 0.2 0 2 0.3 0.2 0.5
8 - - - - - 0.3 0.1 0 0 0.2 Q 0.5

Ky

Concentrations given in tenths
+ 1indicates no data

0 indicates no multi-year ice
* 1580, 1931 data only ’
** 1977 - 1991 dats omly

++4 1981, 1982 data only

HOTE: Multi-year ice type includes a11 old ite according to accepted interpretation key for Canadisn Ice Chart.

SQURCE: Atmospheric Envirenment Service
Composite lce Charts



MEAN MULTIYEAR ICE CONDITIONS 1972-81
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' N
6 5 BEAUFORT SEA
/"—:_ 258 ——han gyp ik
7.7 . - 7 kLS T LN
®
Nt 4
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y f\(:/ S
. ALASKA

o—25 % COVER

25—45 % COVER

| | e5—65% COVER

65 —B5% COVER !

SCALE F'6336000 T
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31.3a

MEAN MULTIYEAR ICE CONDITIONS 1972-81
DECEMBER

& 5 BEAUFORT  SEA
EoRa s
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SchLe 85—100% COVER /
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#£3.1.4

MEAN MONTHLY RIDGE FREQUEKCY 1964-1970, 1974-7%

REACH JAK, FES. HAR. APR, HAY JUNE JuLy AUG, SEPT, T, NOV, DEC.
1 - 5.94 - £,58 - - - - 4.83 - 458 11.95
2 10,09 B8.66 7.9 - 3087 10,28 - 3,22 o.10 1.97 7.15 11.99
3 - 9.2¢9 - £.77 18.41 19.0t 6.26 15.08 - 5.08 4.82 4.B6
4 - 6.29 - 5.0% 5.07 - 4.85 - - - 3.6 1.86
5 10.30 3.5 9.59 8.65 - 15.34 .91 ' 1032 - 1,65 5.9 7.32
[ - 9,44 - 3.24 - - - - - - - .70
1 11.33  5.15 16.35% 13.69  16.11 9.19 9.16 - - &.4% 6.00 5.8
. - - - - - - - - - _ _ -
kY SCURCES:

Values given ae number of ridges per km. Tuckar, 1979 {CRREL)

(~) indicatus no data, WO and NAVDCEANO Birds Eye observations
(1964=1970)

A.E.S. Lazer Profilomerry (1974-1979)

ICE RIDGE FREQUENCY
1976

5 BEAUFORT SEA

ALASKA

np daoto

'm0 ridging

fight ridging

medivm ridging

SCALE 1'63360Q0

heavy ridging

314




ICE RIDGE FREQUENCY i

1973 - 1977

z

BEAUFORT SEA

ALASKA

no dato

-na ridging

light ridging

medium ridging z [

SCALE 1:63360Q0

heavy ridping /

B3.1.5

£3.1.5
MAXIMUM RIDGE HEIGHTS AND CORRESPONDING WIDYHS
REACK FEBRUARY ] MARCH APRIL AUGUST DECEMZER
l - - - - -
2 - - - - -
3 5.03/29.%1 - 3.84/26.14 - 1.98721.99
4 5.33 /29.60 3.5/25.44 5,33 729.80 - 2.28/22.67
g 5.03%/28.91 - G.22%727.08 - 2.28/22.67
& 1.81/26.14 - 2.9/24.08 2.59/23.38 1.98/21.99
7 - - - - -
[ - - - - -
KEY

ridge heights given as maximum hefghts of ridge sails in meters

{-) tndicstes no data

(*) maxtmum of 2 valuas from 2 different laser tracks

corresponding ridge width caleulsted from equation 1: ¥ = f(x) = 17.507 + 2.27x

LRI

SOURCES: Tucker, 1979 {CRREL Report)
Kovacs, et al, {975



TYPICAL CROSS-SECTIONAL RIDGE PROFILE

(#1810
LEVELD

ELEVATION Lm)

DISTANCE FROM RIDGE CENTERLINE (m)

LEGEND

‘H~ 5@l height
O - nee! geptn
Sw - 50ll breodth
Ker - keel bregoth
T- o thicknesy

T3 snow Cover
R word ke

= 'soit” ke
[ |

"Very Saft' lce

3.1.6

AHCTHC CAMADA LIMITED
KHILE FRLQUENCY FOR VARLOUS HEEGHT RANGES

+3.1.6
MONTH:  JULY
RIDGE HEIGHT  CORRESPONDING REGGE WIDTHS REACH
{m) FROM EQUATIOK 1 H 3 4 5
> 3.0 24,30 ' <) () 0 q 0
2.7-3.0 23.97 . (<) () 0 0 0
2.5-2.7 23,40 -3t 0 0 0.010
2.31-2.5 22.95 (-3 (-} o087 o0.002 0.010
2.1-2,3 22.50 ) (- 0 0.018 0.015
1.9-2.1 2.0 -y (-} 0 0.025 0.040
1.7-1.9 21.58 (-} -} p200 0,053 0.105
1.5-1.7 2.1 - ) paz oaer o092
1.3-1.5 20.68 -y (-} 0 0.173  D.46%
1.1-1.3 .22 -3 -} 0a3 09t 0.869
0.9-1.1 1.7 -3 ) 1262 1.088 1608
0.7-0.9 19.32 -} 0 1.980 2,980
0.5-0.7 18.86 (-} (-} 11000 7.084 9.051

KEY

- (-) indicates no data
- frequencies given as number of ridges per km

EQUATION:
¥y = F(x} » 17.501 + 2,272

where y ¢ ridge width, in oeters
x = ridge height, in meters

SOURCE: Atmospheric Environment Service, 1974 - 1979



£31.7

CONSTANT PARAMETERS *

a = Stefan-Beltzmann constant (5.57 x 1078 w/n2 sk4)
E =  emissivity (0.97]
Ly = latent heat of vaporization (2.533 x 106 J/kg}

Lgj = latent heat of fusion for ice (formation « 2,72 x 10°
J/%g, melt = 3.344 x 105 3/kq)

Lig = latent heat of fusion of snow (3.344 x 108 J/kg)
Cy = drag coefficient of sensible heat (1.1 x 10~3)
Cg ¢ drag coefficient of ovaporation (0.6 w 1073}

cp = specific heat capacity of air (3010 J/hg)

a = density of air (1.32 kg/m?)

i = density of ice (920 kg/m¥)
K+ = incoming shortwave radiation {0 J/m2)

Ty @« pcean temperature {-1,89C for sea wateg, BOC for
Exresh water)

i = penetrating fraction for shortwave radiation (0.17}

These parameters are considered to be pernanent when produc—
ing program runs in Appendix D. However, the progran doeg
contain the capabilities of the user to change them.,

#3.1.8

VARIABLE PARAMETERS

ig = gensity of snow

L+ = jnceming longwave radiation

Lt = outgoing longwave radiation

s = galinity ‘

Ta = temperature of air

Tgo s equilibrium surface ieoperature

Tg = tenperature at the interface betwaen ice and snow
t = grelative humpidity

K¢ = outgoing shortwave radiation

u = wind speed

ki, kg = thermal conductivity of ice and snow respectively

h « snow depth

H = ice thickness

P = gatmospheric pressure
o « albedo

@' = net radiation flux

Fy = sensible heat flux
FE = evaporative heat flux

Fy = conductive heat flur

« energy flux due to ablation
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A LOCATION: TUKTOYAKTUX
KEY
24 -
—A—~ RUN SEVEN
34 L
4 4 -
24 L
.64- -
T -
E e 3
= .gt
L]
o oad L
z .
X101 1
r
Feg ey ]
ul
o 21 !
3 T
|.4 -
IS }
6
B4 L
8 T
9 4
2ol + + + + + + + +
SEPT  OCT NOV  DEC JAN  FEB  MAR APRIL MarY JUNE
LABEL RIFERS TO END OF MONTH
3111
#:3.1.12
FEAN ISONTHLY ESTIMATED [CE THICKNESSES
REALH JAl FEB MAR APR MAY JUHE JULY AUG SEPT  0CT MO¢
1 127.8 149.7 166.2 180,17 1822 - -- .- P J8.8  69.7 100..
[Tuktoyaktuk)
3 122.4 147 170.8 188.0 192.4 - - - . B.4 677 96.6
{Barter Is.}
445 130.9 151.3 120.3 185.9 189.9 - - .- - 434 73,9 04,0

[Pt. Barrow)

-= indicates no data-
thickness given in centimeters
values derived from ice growth mode] equation after J. Hiller {1981)



3.1.3 APOAX B RE
Arctic Petroleum Operators’ Association Tit, =7 + — bilf, <7, 8, F—v 2l
T EORBERICHA TR, BR, KL FORBEWR, kP oRFREMRUMBOEE, BN
RMRBLCONWTO feasibility study % &, EEWFE, HREDITLA, A4 HESWE, W
RWHFOERIEAT, TOFAEBEECE > Th B,
F=7 2~ rEFEETLHEE MKATF - 20FRERAL, KETOEEBEWICERT 2K TR
BT~ & g AT Db, TEEOAPOA XBEBA, PBELL. EXMOBEEL T T LT,
1) Statistical study of passage into the Beaufort Sea via point Barrow
2) Small prototype cone test .
3) Medel experiments to determine the forces exerted on structures by
moving ice fields(Comparison with small protetype test reaults)
4) Mathematical model to describe the behaviour of a moving ice field
encountering & conical structure
5) Normal and extreme winds and waves in the Canadian Southern Beaufort
Sea
6) Wind, waves, weather and icebergs in Baffin Bay and Davis Strait,
Summer 1972
7) BEast coaat mooring program, analytical phase
8) Large scale ice interaction tests with an artificial island and with
a caisson retained isiand, winter 1975— 76
9) Monopod drilling unit for the Beaufort Sea, final cost estimate
(1} Statistical study of passage into the Beaufort Sea via Point Barrow

FHRRAO B RBOREKBHMDHEA v inir—, TFRAAMY TH-7 4 - bilFRAESE <
Y- THNEBICMIT TELHEBTRETAHTEE, AFVEIL=»r Vv -BlaOAr - T
FATH, ~ -t OREOHSD, F. 7 FHBONERS v bAe TG~ » 7 v -BOHIFO
5, BIKBHRT~BELRTT, COoBREOBROXKRIIBEREL 14 - VR, SEOFHIK
B, chidtoBROREIRE, & hOlARKE (EETLALTHL, FFECFNTY, B
B.( offshore wind ) 2K MENH~Jih, BEICE - TAE (lead TR 255, HRA
(onshore wind )DPEEHICKE (1ead) SATINTLE 9,

N— P OEBFELT, F22FEBRENTIE, MITv - KXV THKE(20,.20, 407 4—H)IC
I AMBEOZADE VENS, #1 VAR b,y Y —BERSL Y OEAB Y, B
207 -+ E407  — M ARTESD D, X, A MTEWTPoint Hope 2L DL~ >4 v -8k
o bEMT ABEIFE LT TH B,

REOFHWME LT, fiF 6 AR LT AALES -y v ZHiCkERbhinl, XX
—Y YT F L 0 FHAI VLS —KEZEN DL, TIRAIEESCEFATKEEE
B, Lil, #4 vbbio— HA vt Ar—hb= vy oo Tkt s T E
Zb, B0, KEE WV PIRARERAN 20 TEPTFASFECER TS S, BK1 96 B4
T, AIvbAr b7,y Y —BE, BARBERRI2005BICLELA, 19 754£7TH,
FEFC2{AohEL >,

T 7 AAGREICH > EL D OMTHRD (, FREAHKEET 2T oCLHERETL Y, X, §
TEGLBNS 5 b DERBREKRMHOL O TH S, TLTHAMITE LTI 96 2506197 74
1 6EHOKBICETEF — & £ A, KELKBIOHE LABEOH 254 TRE L ffTHE



CEbviabv—va v&iTofk, §THEE LT, BAKEEXBIOHIL LAREL 1 348y
ialb-tL, 16FEMTHRFAEELRAT 1EEMEB, 225 -ALDWTTW, -4
4,576 (13X16X2Z2)YFBIEONWTIVY~-ALALDTHS,

W, BAFBEIL AL v boie ~TH Point Franklin®d b= sy v —B(136°W)iED464
WEH(H1852kn) EonTITw, KRF - 2T ORBSBHAOEEDT — 2 L& SKWTWD,

YEialb=Ua Y —AERIK, BEOHEALLI962~197 TEED 1 6 EMOPHIIT
BhsR, PHFATaROBREYEL, 2iKthEhird,

FORE, MORENEY - A (BIKE3 2 » b, Lg~3pkiR27 5+, Y10~%10
KEL » b, FOMO, BAKE: 20, 30, 407, -F)HLT, Yiab=-vavid
1962806197 7THEDL6EMTIO7TSELBREMTUETS Y, HHRE9 4 FORE
Thok, CARVITRRENBINRRE8H~9 TR LESTWEBER(~KLTWA,

Rriobv=vaViClh, BRIDFENTE(LI/ 5 b—=37 o b ), BNKEHBARE(4D
Ta-b—=207 4 -+ ), KEFRITENSRKEWRE, 54 ohAlR gy LCHTTHREHR
B Y, X, PHRTEMIMERINL VO BBISW AR THRET 10 TH A,

BROYa2vTF—va v LT, 8F, AFBOL7 ¥y v -Hind 07 — FREKBHAOA
TRTETH 5,

1 Simulation Cases

CASE NUMBER

VESSEL SPEED MINIMUM WATER DEPTHS
vt ICE COVER 20 FEET I 30 FEET [ 40 FEET

VESSELS TRAVELLING FROM THE PACIFIC OCEAN TO MACKENZIE BAY

KNOT IN CPEN WATER.

0 OTHERWISE. ! 2 3
2 KNOTS IN CPEN WATER, . s .
0 OTHERWISE.
3 KNOTS IN OPEN WATER.

" 0 QTHERWISE. ? 8 9
3 KNOTS IN QPEN WATER.
2 XKNOTS IN 1 TO 3 TENTHS ICE COVER.

10 1 12

1 KNOT 1IN 4 TO 6 TENTHS ICE COVER.
0 OTHERWISE,

TUGS RETURNING TO PACIFIC OCEAN FROM MACKENZIE BAY

3 KNOTS IN CPEN WATER TO § TENTHS ICE COVER,
0 OTHERWISE,
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(2) Small prototype cone test

MEREE I THWAHRE TORERRBOR Y, K= =247 - VICERT 2R DWW TO
SRR T 1T o T b, TS, 1007, —F, B21807, ~F, KB45~107
«—rOFERKET, o Lgod5° a - VERTERL, STEEOEETKEVASILTHD
N, T - YRIBICRE LARDENCE Y, 2 - vIKEAT 2AFHBROEES BOME R 2EHR
LTwna,

Zhi b RICRT L @Rl ohk,
(i) ZERC TR, KPFEKERECHTEK0 74 - FROERIRBEAERON 2D 5T,
(i} APHEONETED, KOBELFA V7 » 7OBBLLTROL SRR TRR T S,

® FHE-2HELDNT

£%§=Q475+&837%$2-%—

B |RE-7FHERLONT

Ry o 075+0875 =D D
afh [} h

T Ry KFHEKER
gy KD 7 HAEEE
h ke
Py KOWHE, TTTR £,g=00371b/in’
D :AEETO=2-vOHEE
(il BEEXNE/AKTKTRORE, XOkbIEEOBEA Licdis T, KT HEMEFHD,

(8) Model experiments to determine the forces exerted on structures by

moving ice fields (Comparisen with small prototype test results)

A4 5° OEMASIKERATAIKBOXKENBET H40, B#BK( synthetic ice)
TRWERESER T Toc b @, ¥MENL, Imperial Oil HEANKEILTL 9 7 4EOXKE
Wt T o <MD L, Lo, Voo By Lgg #MRAMHET, AGERREREA, 24,
12, 6RUEAA v+ Tdb, HlKEL029~1.259 %, BTHEMRLI58~14.21 psi,
XHRUEL649~24293psiTH2, BUE. MTHFEL E ok, 180~2970ThY,
E/e<1L000& %2 oADiZ1 vV —XDAhTdD, BEMAHIZH0.2 & L BERE42y -
ADHR] 25 ~ A THBREKOBEACERT 2B TEORIC L b, FEAEE0.37L%
o,

B B O — D, K EMSOTRRKIE &AL AR T TR RBEIC X 258 7, Mg
ERT SMERUAKTPKENORBEITI L LD oh, COHMGEARRERT 2 TWiEW,
MEDKAALBMRFCER Ay — A T, BRERICL 27KENE, XEHROHEL Y
14 %7EED ok,

AR O LB, 220058 2Mnk, —2R, FRECZEEAFERCL 23 DT,
BHEASE, AKFKEHARR (1ba DN T

Ri=0.0568+0.69 8 Dh®+0.0757 ¢Dh'’
THb, HL, DAMEEE(A v+ ), hidkBE{(1 v+ ), o dKOHHE (psi) Tb 5,
ho—2r, ERTOZGERFBRCLL$0TSS, HIb

Rn prgD D
=1.3 . -
T 1.316+0.9455 o T h




Thi, T, pwAKOFEE, gENOMEE TS5,
HUEEFHROER, THROZLBBLHICE ok,

(i) A REREIC L A5G, XBEM#OE Y k2 045N,

(i EUEBRKL SR TE, EHE, GESORMEERES b T <, NE, HIFHRE, BEAN
B EOKRST A -2 5FL TOKENLEHT 52843 5,

il zzTRoiS@ERAR, A#—RCERT LT EEESTE VY,

i Ak Lok, KEWKENCRIZTER+HET 2081 D5,

{4) Mathematical model to describe the behaviour of a moving ice field
encountering a conical structure
Mgk OMEICE <, —HkiRRUKEIRICY BKEN T HETLIHRET AL 2B LA D

T, BEPTERDILENR O ABE L MEMRECHKE O3 (adfrozen ice slabs) #¢

HELABEO2y —AxBRY, X, BRETATEE, FOBRPMEYRIET S BAY THEIER 1T

st TOKF, TEEOERLEA,

(i) \WEDRE~OFKFEER, KOWBRERUKENT 4L YOEBEEL D, HEOERD
BEd, HENOHNBICL > TRt S, BENHBTLE, %F, HEIROGL, KOBRE
BIHRENLZE LR 2w, BEHES I, KORBBE LXKENGE, ERE- VT2, #
AEKBT 7 4 — » TRKR OB 5P LRSI, HEERHKES 2,3 2 0 kips W08 L TH
ZEE32480kips Ty, ERIMNCEHESEIN 2ADORAHENZI b i BEL LS,

(i) REFSORDLEEFTE UABRKEDERIRE W, T, BEFRI L TR, EEER
OKENOHN, BERORIKHEEZR T 246BHE S5,

il M#ERTEORKROFE LT, BXKENCHLWEREER S,

iV BREFAOHBNEETEA, Lil, ZOEFAESH (T, ANEFATDY, BCEE
RETANLE TS B,

V) &, SHEMICLAAT ALY, 2EABRETOLERD A,

Vi kEIROMEE: BEMICE ( HKDWTiH, HEXELABSOWRHELBTH A,

(5) Normal and extreme winds and waves in the Canadian Scuthern
Beaufort Sea
K7 = BT,y v -SSR 8ERO, EELTHEM(6A~10A) 2R (A

[, BE) . WE(EAE, B, BA) RURHOEERE EBEICOWT, BE - MifLi,

(i} R

AOEEILoWTid, ARFOROTSLH LORANROHAT - 5 LRI s LYY,
L FOROME4FERD, ABEFORPC LA LRACERN LRAXEEY, B LOoRD
BECRELL, ThiAWT, Sty 2BHMM24E, 54, 104, 204, 5 04,
10 0+ 2R EROA, BRI, BHRPMS 0FOREKRFHRETE 1~
73/ F&R5,

BOERACONWTE, BEGRAESEO 6 ARFOROT&L Y, AEORE - REQEHED T,
RS IR+ AR OB %2 Livk, 6 AH 01 0 FOMTIE, 1 08 - 9 BOMCRAH C,
2R 2 - BORREATWRICH~IET 2 0 BRAFHE N,

(i) B

WIC>nTil, Bretachneider ©ETHEER T LK, KRB ABROTF -2 2HERL T, K
B EBIFRICL Yo L HIREEERE, S LERARR - BROAFSrER LAERBESELR
W, BROBELEEEL S Lok, BREZEREELT o4, BLOBRRAESRICL 2510



EREHBIRIE AT o LICL b, ROF ~ 2 OBRFE, WEEROREHELOW THREZT

sft,

BROBEIOWTR, BOTF-2561962&E~197 3F0ZFEORIBLVERE]
DSORY, ThorAWT EROBRREEFEKL D ER - BHE - AT R, HHIAMIK
FiTABAOHKTE Lvk, 5 CEBRIMICH T AEMHEE, AHREZL1 3~157, - (40
~4.6m), BHRGILE, BERPRSHTSY, tAMAEBHBACLS23 27, - +(98
m) t&T 2,

BOBEMEE, ROEMRELROEELE LBOF - # e AW TRRESE 21TV, HEER - &
Hh - BEMBOEE £3RY, T HICEREBICH T AN OME £ RbA, BESHLEOM
Bk, EEOHEER, HAME 2~3BHRE<, 47—+ ( 1.2m) U LORBRERITE
THEEEI AR FN,

(i =M

AL¢BEABOF — 2 %1, Bretaschneider ©xFARI b, BEFIO/AKDWNT,
BEEREORBRAKY ABEC LA e L, BRHMICHT 2EBEOCK T3 L b, BRI
Bl 5 0B, EAKBRE (BRE«HE)2597 -+ (2.7m)CRT 5,

(6) Wind, waves, weather and icebergs in Baffin Bay and Davis Strait, Summer

1872
197 280F (7H~10AE )L, Hans Eeged tnOMBITR T4 7 4 ¥HBET ¥ A

BEoR, #, E&, KLUOHA TG, £OF -5 eER L%,

B2 TGreenwich mean time THAWK,

Bk 1 MBI, FHBRFE LS 2 o bRRTRL, Rl 6 FELTR LA,

Pt 3WSMMEIC, HHNRCHLTIENTHERSL Vo 7 - rHATRL, AT 1 0BT
FiTee

S, R, 58, & 4R, AR 6RMEL L, BREEEEGreenwichf12 1 00T
P AMEE, BE, BETHAP>TRLE,

SER IV —n TR Ui,

K&k, Small hail, Mist, Fog, Haze, Pure air, Drifting snow, Hail, Soft
rime, Glazed frost, Soft hail, Thunderstorm, Showers of sleet, Showers
of snow, Showers of rain, Granular snow, Drizzle, Sleet, Snow, Rain,
Sunshine &\vok 2 0OHFEEERSMLTAIIL, 261 0 00 KBERSLLMARNLAH,
sEMoMc B -A2RKEsibhid, 1 0CRBERS{LLMEL TR LA,

WEH, 0~50%Y—F, 50~200+v—F, 200+v- ¥~ BEY~LomE Lo~1,
1~2, 2~5, 5~10, 10~25, 25EBH D] 0EMTRL%.

MIIMANMAR table K -7, ER%#8A%E T, #Cirrus, Cirrocumulus,
Cirostratus, Altocumulus, Altostratus, Stratocumulns, Stratus,
Nimbostratus, CQmmlus, Cumulonimbus ©1 0fiocA&4 T, EIx 1 0EMET, 36T
Es % B, PE, BECHT TR LY,

SRRV » e FFIOZOTRERE T, HABEIEREE TR LA,

skiliet, A GER] 2HET CE2EEBCEYD, TORBOROMRE L KLOBH L HEFRL
feo & OKILICHR R ST THRALITV, BE, KER, HRRU 74 7O & 30TR L.
#4712, Weatherd Tabular Berg, Perfectly Spherical or Rounded Berg,
Picturesque “Greenland” Type Berg, Pinnacied and Ridged Pyramid Type




Berg, last Stages Horned and Winged Type Berg @52 TR L, BICHE N4 &,
{) East coaat mooring program, analytical phase )

STS A, F-CABBIERRINAETY —vSAF¥ Ko s 2RFHEERDBIAD, O8H
RO, EROBH, EHiEtA, MTHSHESKL Y RITIhE,

FORER, COMEOMR, 43 TREANRTAAMEL VS, ©3KENT EHB LR,
HROBEDR L LOIHBEINANRAMBECERIAATAEZ L%, 8L tidal £low,
internal wave, inertial current, storm surge SOfth, AR ( CHBLHKICL 2
ERTEZERTA2LBEEH39,

ChooOffiid, B EOBMIKLE > T B LT 50T, ERICHTEA T THETIC L
NTEDL, COBBAROSHAR P THRZARBICHEE L TWDS2, KBR200mX hBEWLE
5HTH, COREBEEAMEIBTRLEbh o, 200mEhBNLEAHTR, B, BSLELOR

HuZ Lo TP v HECRT L S,
{8 Large scale ice interaction tests with an artificial island and with

a caisson retained island, winter 1975—76

AR, KEAkETRANTATE (H128 ) RUXCRI(caisson retained island ; &
28R ) L—IOKIRE OHEFALRET 20T 5,

ERROXA 2 B EEBEWIOKM 4 VT » 7 (RO L35 ) T 200X 14T » 7
(RBPEZL)THODEFE LT & RUBEWCHAT 2K PN EHRB T 2 ¢ Kd B,

() AZB(H188)

20 L) 0 BEOATE LB TEH IBORM %17 o/, R1DF A No.1l ~8A WWERK
Bo BN, kB, S48, AE, ko, vvorl BEREKERTARIKERERFKD
I o S

FECERERL VEROAHBALE LR ot
CEFNAL —ATIA VFULDKERHOKE, ALBEBICIA KT 2 7 LT 5,

o FEEFA KT » 7B o0, ATEEEOLIC gravel berm (B3 £ ) 281 728,

ZObermikD 71 V7 » 7RHEICHEPAE L REL R W,

CBRIAAAT 2 FLTHBKRIE, S AT o 75REILIOCHY M, (FAFNo.3)

o FEERROMRITHI 5> TH, TAPHOKOBITHEIERr —AICRLABREH -7 » —

BICETOMITHEEOHN L 0L 2 DERTET 5,

(il CRI (H2&m)

EHO VL MBO CRI 2RV TR AOOER LT o %, BRIKLWHERGFEY -V YICH
BEKESEL2BETEL, KHERTH, COARFCRIDAIOKROMAFRL LA %
ERLT, —20r —Y yRUChC@ET LY -V »O—BeRBL LTANTRE, R10TF
ZFNo.9~ 11 WCEBERETE EDHE,

LEHEBER L VROEADBLOICE of,

CWMANSIKI LY -V VIRFA VT » 7L, LRBEDICL YHEOKE~NEHLEIN S,

oKDY I VIBRBHR LN A S,

i) £ofts

FERTHBONAKTEEZAY —AT7 » 7L TRHEEL L TAVWI L L TE R W, FILH,
ATEORE, ALBRA D CHE LKA ST BXOERHES—RICEHTE L LTABWLA
A%, ZRRTHEOL S AREE Y {2 v—F LTk,
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SCHEMATIC

OF ISLAND WITH GRAVEL BERM

GRAVEL BERM

wiL
4
3
#1
TEST DATE icE SALIRITY AR FLEXURAL STRENGTH
5] TIRICKNESS WATER ICE TR IN-SITY SHALL DEAM
1, %on oo ¢ ps1 rs1
1 Dec /75 3.1 25.0 5.5 +8 14,3327 -
2 Dec 23/75 2.9 23,0 1.5 4+ 7F —_ 50.5+21.1
1 dan 5776 8.1 9.6 .5 -2 2344420 B1.6324.0
1 Jan 8/76 5.6 22,2 8.7 20,5  16.%42.1  15.9.8.9
5 Jan 14776 5.4 22,2 6.7 =15 1B.3#3.2  26,4+15.8
1 Feb 6/76 4.2 27.5 1.5+ 7 15.346.6am  36.5HL5.5
12.3%3.0pm
1 Feb 13/76, 1.3 26.5 8.2 -2 18.742.9  11.9746.15
8 Feb 18/76, 1.3 —— o ee- — -—
BA  Feb 18/76 2.2 26.7 6.0 -1.6  26.9+6.1  3J1.32418.4
K Har 4/76 3.0 16,1 4.4 =73 26.2%&.7  122,8429.6
10 Mar 16/76 3.3 6.4 4.3 +5.6 27,0410, 6 24.049.2
10A " Mar 16/76, 6.2 1.4 3.0  45.8 29.944.4 42.6422.8
11 Mar 18/76 3.2 16,0 LB 48.6 3104110 44.24AD.5
*%  QNE SAMPLE

FLEXNRAL MODULUS

SHEET
PSIxl0

1.609
0.224
G.298

0.433

3.8%6

1.093

1.000

1.01n

4£.76%

1.915

SMALL gEA."l
PSix10

0.469+0. 324

1.193+0,938
046540, 423
0.70140. 548

0.584+0.391

0.36140. 214

0.067 a=

3.1040.692

1.8341.31

HAX FORCE
ON MODEL,
Lo,
30,700
3,300
22,100
66,500
40,000
10,100
9,800

HIL
1,870
5,340

30,800

9,436

38,790

24,513

COMMENT

RIDE-UP
P1LE-UP ’
BREAKQUT
PILE-UT
RIDE-LP
RLDE=~UP

RIDE-LP

FILE-\[P
PILE-UP
PILE-UP

SUMER STRUCT-
URE 1750 LBS.

SUPER STRUCT-
URE O LBS.

SUPER STRUCT-
URE 1630 LBS.

SUPER STRUCT-
URE 15360 LBS,



(99 Monopod drilling unit for the Beaufort Sea,

final cost estimate

(i) &aE Z=H5
1. Ay —nv -2 23763000Fa
2. B & 8403460
3. B % 1,201,105
4 B =R 1,735300
5 ¥ 1,064,180
6. MR EUE LER 110000
MEY — ERBESS 36,277,045
i *-7- Xkd
NEF — A - -FER 7410376
&% — BRI 43,687421Fxa
HEslt @6%t 2,621,579
&8 46309000FA
il =vv=7y 7RIS
1. BRSHRA 200000 Fa
2. EMPTRERUEImRARS 250,000
AR = zvesTyrrReinER 450000 FA
&8 — B+ BEEEsR + (i) 46759000FA

v > 7ER#HBHERFFIR

1. #B2(41,595801 FAD17%) (7,071,000) Fa

2. BEPOFRA 4676000
ENFRRLOKES Y 44,364000Fn
M #B ®
L. 8 i B 1,256,550 Fa
2. FBM(12%%x46759000Fn) 5844875
3. VZ/0FAv~1+(60R @3 7859 Fa) 2,187,780
4 UMEHER 100000

2 B 8 R A 9,389,205 FaA

32 KBHNMHRBAKBICHTIBREERR

321 L/B¥ Y-X

(1) SEEEnY
 ABMDKTEIC BT BB RIS TREEROBE: e BROEFHECL ViET R0,
W2 Db ORI RORH, KOBMZEROHRE, BICKFERT 2 BHARIOH R, FEL
ERLBETH - T, RN TR, HBRTHCHEL 9 28R E W, X, kEBHECOW THREE
ROFPOBBTRT — 5 SFA ER L, ARFRICL o> OKPORERES TEROKHET S C
LHTERN, foT, ETRBERIBEBOEA BT IOKPORERIECRITIEREHEAEL, &
BERLKPOREEE L OBRORBELIET A LERETH 5,
B - R Ly ROSHATRS LK POBISEL XR T AIRIRBAE 24 -5 £ FLD
hTrnb, —EAKETOLgRET 2 ZHER T, HEBNELY—FL LTHRBLE{LIL 20
#BATH B, ChRRLT, d@oLgvy —A8HTE, RET—FEL LTREERILHv Y




—ReIhoTnd, Thid, —2KEd, BOXFPOBRFE®LFETLIETY, EEoFkRitRke
AR TIHBR TS L L2 o T 20bTdE, 20D, v —XEEMIES. 8. No.T LD
MBOBER, RUS.S.No.4 Lo X v FORBHEIAE LT, NEPREORI LT L 5L
ERI VLB RBIT T s, BEICL ARKRRHSEL L TREBTEL, FokESIRETH
HEFHORRRLII CERT I ERTELLLUHEB LALE TS 2,

KEBBE, TORAE BWHRETRITE, 250WEn v FITrnEhRBoRRRRT#E#EL
bk, TORD, XGBEE, BKDERR2 2KPEELTT IO LEL LR, ZOREKTITE
B, KHOBRREERCRITTERTYOHCT AT ERE8E L 22, ZALgv 1 —X CRBRER
TEl—& LT, REPRAEORI LTI, MEFTHOMELT IR LAY Y ~XERBHLH
ELThD, o, HHMER TR Y ~X 1l L THAOBR 7 n < 5 2 ERA L,

Y - XGRNROFTEES YR 321, BER7 e <50BE +R3.2.21tFET, BEHBEARY T
TORBr=H+ v RTMEICTHAL, RUBEEEMLALIOTH, BENAREE DY, R0
PUCHSEM L BMBERES, BEEE, @250 60RE, mITHE A 2 ¢, Mgk,
fTHEE RO E P TORBEL &, Bk (BRESIVEENE T, LTSI EEE
TELHTEREWERERT A, HARK, BXTOXIM TR, GFRP HokdERAERR
ZRINT B, BHESFEHAFKAEORR T, FREODHNHOERICE, GFRP Rt
Biptd, WkBomEeSsBHEKERTRIFT oL MNb L Lmb TS, X, GFRP
BEAR THY RS R L TR REE A 2L TR LANE, BRI BMERT Lok
OEMIKBIERTEL L Lhdd, COAKDWTH, XOERCHE BHAASOHETHITK Y
EAEERSIOT LTIHE2ERsLETh 5,

Bl L siC, Koy —XTHHEEAT 34GIE L, HEREHEE LT, NEkbaBoRI 2T
ATna, BEFTBOREIE, A2 0.20L(MB—005), 040L(M.B—003)
BUr0.5s3L(M.B—004)T35%, X, AR - B L, +he¥ns19(M.B—005),
6.92(M.B~003)RU886(M.B—004) Td5, 8L, LdththofilfoRR
HMETH 5,

BEROCFEA % 3.2.1k, BB (M.B—00 3) OFESHOERE+E 3.2.1 Kxd,

BEIZw <5, 7 sXQT, OFHOONED s, BEIe <8R %R3.2.2CFT,

2 Heike

RRCOHERBTIT oA, HEBHTHice belt £7 e <FEHOEL L, BED AR
Evo RBRE DV ERST W, ChODBERBTOERETOOAEL, LrL, BREHOR
KRBT 7w RFE~OWKS OMABRHEOME % £, WilkBEUNOREIRE TOKPHERRO
IREERTNETHEES,

BHBRORRDERIC oW TR REHBRNEETH L0 T, HETERS THEBAEM0.25L
&Lk, FRNBRE(EBRHEGUEETRKEIWS, Bkt E4x v BEAAEs v » — R TH,
BEES LT W L, X, —RICEENSCRITTRERDYER ORRE AN EEORIHE L b
HEHRGBEOTNOERKENWL R FeERTLE, COBORBID L TERREEEOR < —
€ P EEOERD, BACBECALEW D EEDRS,

HIREABRMC oW, 74 VERORFCIRATNE & BANNG L of%, BeaEmz Fo
ffEAS b, X, MEAEERELLOFHL -1, SR BEENOREL M~ OERHET - T
N, BOERORZERICAEI L TW3,

EAARCE N T, yaw, sway Rl surge &RH L&, EASHER, MESEE oG, &
THMEE YEMIERGHCER ST 1, EFRBHIHE L TRRUCERENERD I ER AR LA T



b, LThe.. FORREGET 5234 Tdd, LTRv » VERBDELE 226, 0O
W U TR 2 ENEE A damping AN SFREE 2D B, BLWEHREROR®, HEHAMA>
A7 spirigid RFRTH, AQERAEHAISN DT LA D, —F, HamburgKKMliTHEH 2
N Twdl 5%, BUTHAE AR TRADCEIABONBLRT b b S OOEHO peak #KE D
KEHAZIA B L, kI, HELxEY, EREBCE RV ROBENFRIBCLLTE, £ &
OMES &5, 1, EAERAT loose ZRTITSC LIFEALN A, ERMARORAETES
ik, £WSET -2 BTR LT A,

Ham NSt OMMUBORRBCOWTH, *OLTHAIOXEE, 0.2d(d k) BETSHA
i, EAMBICEL TERITRWIEER t2ohid, B tEEAERd a0 LBbh b,

BRI E VT, yawRI sway DA EHE Lich, #4 FHEEEMHEEGRO U v 280
ko4 V2 ofMERTA O~ Y, yawing moment #IEHICKE ( Zhd, EdHyaw
BEYHEFEN B, center propeller R{Fport wing propeller KDWTid, BEEIIHSE,
X starboard wing propeller KoWwTi# i —BAStHEMIHh, BB HETOREKL S
WEVORBOERYA{ Lk, 7= 5, 385 38ESCE VE—oBNAENTERS
CLYBEINZ, 7o~ THEMTATKE LniEksdhd, BE—0AfABHRICL 288
MBS 54, REBE, IBEENTHHNIOKE ZEREHR T WHESR T LR LY,
LORTDWTR, WPFhARERR AR L TR 5FE TS 5,

BHERIE, ThEThoRBTOREBOEMA TT ok BlL, BFAAMEGROOEG T kL
IBDERE £/t L CE LS, M FORYPRCTHIH LN L OEUEE IR L2 ELH 7=
2 TATIRE L2, BIBRD surge BEHICHX E % undulation 259, 7=7ACL 5
fRIBEER X KBE IO 25, 2% bORKHE LB L T5, HRERCHE, RCBLIAHRRT - #IC
EAFHET-TTFHECHELAOGRCREL T2, FAERHARETO T L &% 288, KN
MBMCELEL, HEROBESRBICKR > AFRELTLE W, HL, ridgesPoafER TR
EFREBIT 50, T4 FERORELONTh0DBELEL B9,

ARER T EERNOAMA T CLORIKOWTH, BHLARIELEL L 925, Wirtsila
#t O Hel si nkiAKH LR MOKAE CENTRIBEROBMATHATT O LERELL
Twnb, BER LRBTE, K KESORBER—BNCERLZ L0 0, HARKOBHERIC &N
T, MLrD/ELXLERETE, L, TOHMELT oK, B - #HERROHEBRE 2
FTACMBEINTALC ENMREL D, Tk ZHRCHER(HKTH, BRRIHEEOR
METIT o0, BHVEXWirteilaDl 5 CRKBAICL 288 EAT 55 L BEZHER LW,

AR TR T, HAERT -2 g ALTET 2B, BEZBAMBELTREL T 55,
RROERABL VB O “run” BB L, EFLI—BOEZFELEELRZW. chid, #F
BOEE QMBI HE L TET AL 0T, REMCEEIM (Surge MR ) BEE-EL LT, »
(280, FHORELAOER T e~5 ¢BHL, TOROBRMMOEN, 7e~<FO0RF AL,
A2 EEARICETAIT 230 TH D, SFAPTEHEL 2LTHATWE 7 e < FTHEEFEHR & MR
%30 Th A, COBE, BNBICHT Ssurge EROEZBOBEMSMEE %5, LAL, surge
WRARECE, AT 20MF0RRECEB LRI 500, surge MEDHEOERHEX
Nogdd b bR InhnEE b, surge ROBBILCOWTIRLES  REBNAHRE L2 T2
TV, WFRICL T, ThoOMEIDWTR, JIOBSTEET L & Lt

KB, Ly v —XOBEMB—003 ©#M- LT, Rik/Fa0.5, 1.0, 1.5, 2.0mic
AN+ A8EBKET, 14, 21RU2 8 mm OFEXRPCTHR LTV, —8, £lk2. 5migko
3 5 mm OKPLENTIRRTTT - 7,




BHEMRORRE . L7 LR 8, HICEEKOBTHEL5 00 kPa TS5 & LT Cauchy O#
BRIIES 3 D& Fhid, BEKOBVHEER, 6.9kPat%k b, —#&IC, saline ice Ti,
THEER20kPalT & a A e, HEN T LD OBKARHENRORRHSF L GERL, #iFkE
FHTREEONEIC L RIE2 D B,

KRFPEBHR O B RCEMEREOHE, HLEMRENOHTCS 2 L Thid, BUER - fifH
BB, okt - HAROWMREBES 575, HamburgkklloBEo Lok, B4 (a,)
T OPE L THRHERHTONEL DL, B, KEWROL 9K, BRF — 2 0OEROZWHE
Tik, TEZHRBHLET, v —XHEEHRLTEDNT, col s 2 BRER T L@ L
(4, ERH, 245E, ERZ2 FOoaTERND S,

EZBRBENORECHKROEBMHM % (, RHAOBIFERO I 5 CIB & kPRI & ORIG 23k
B+ oBECHERBRE L OMKRARSERE T2 2E,, (0 ) OBWkb TORERITL 246k
BOHH, Cauchy BIWC L b Scaledownl 7/ 3% 04 OKPTORLEREL b, I hBXTRER
A CEES (N

FHRBEOFHNERRL, ERENEZTO B TFHNTL L0 TRAEWS, KAMERTE O
HidoT, 0 ORVWKPTOER LT O FRORROFEFTRA LA, COL 5K, KholHa
PRTEETOBEMLETHLTHRL Y, BEKOREHARLZ ZENENTD 5,

R, 55, M ABEDk T, oy QNI ABEWHE, Bk & - vRMKEB LA b BE 2, K
BlomBETH, ot R50kPall T2 28 L¢, ZOL 9 2EHEALTAKTIE
LD oy THRB LTk, HEKOHMITHER, TWkoBetkht, THI0kPAaBETLHL, £
AR OKAIE T, SEREETHEREL, 1 B 1EOEKATR TS 298, ZOHEORS
W, BTHEE OB AEF T ADER TOREERN AN E T D, KKBORREROS
LEdd-7T, oy ECHLDORBRMNEROMBRMETFEL T, 2% h ORI D 5O NEHF
Th b,

KRGS, BMBMMERE EF—OMHE, BTARKE > TfECh2ilb, FEIK( friction
plate XAV AHEICE » THAI LA, 2OBE, KEBRFAEHT, BEREKK( 100mm X
100mmBERE) & OFEMIKE, b, dry//wet, WEE, #HE, BEKI -T&T+ 5, —5T,
wet, EEHAH 1 ~10kg, 4 em/ s ORBTHOKFBHEBRIFHR0.08 T i,

KREBRHO—FI £ 3.2. 2R T, BEHTEDI2.0 kg, HEGZ20mm, s Tdh, KEEE
BELLTE, L0l 5ZRFOXPOLBEIL2ZWEROFPHEE LT,

f=F/W
LhRwd, BL, FRESN, WHESHE T, fUBRBEERTHE,
@) HBER

M.B—005 M.B—003, M.B—004 oFiEXPoBNABSERLE3.2.3~3.2.5 K7 T,
e, EP, REAICHEACHBEEKE (mm)Td 5, HHE, MARKBKE > TRS, BHikahik
HOFMETH b, X, HPORML, ERTOHEZ A fair line TREZ (, Wbif, HBRLOX
BE, ThENFEOKECTHEBE LB TO fair line Th 5,

Fkic, E3.3.6 ~3.3.81Cik, 3BPOLEBHAEMETRT,

BHMERER, TrsHER, AFALIRUIMZEE32.9~3.220FET, X, RFA L
ﬁ&t'=gé%q;&@3221~3223m,Av—%&r=€§£%73&m&zz4~&z
26, RATOHEIEAIERI -t 2L T1E3.2.2 7T ICRT,

BMEBROATFA PR A 2EBOL AL 54 %, centerdbniiwing propeller
CoWTRLADDE3.2.28~3.2.34 755,



¥, B OIREIRAIEEF & RAEE & OIS, B#F (M. B—003 ) #&EHe LT, TEDRIT
b3,

Model (m/ s ) ship { kts )
0.182 . 3
0.303 5
04014 7
0.6 06 10
() EHiaE O

TR E AT AKEGEAEINC T 2K FEAFKR T, RELBERTEL, —FEPORIEN
vk hkE {, KPDEREROTMITIE, Ba 2PHERT T, TOEDHECOWTHEE
T ARERD L, BIOKROT(RKELrHEE ToOWELTERT L L, THEOK 2 2RBVAFHM
BHBAHEC &b, ERSRETRORARRLFBT L 0TS, Lrl, CCTHPHMHD
ICONTHEIT BT L LT 5,

JREPIEHLR L, KOEHE p, HHOMEE g, £EB, kEh, KOHITHEE ¢, , BBV LETH
i, Ce, C1, C2: HEFHEHLLT, —RK

B/ gBh?=Co+C1 0y '+C2 Fy ? )
g, '=0, /pgh
Fy =V/v gh

TEbIN L, )EORBICE, BRNI B LORE, TEAFICHT HERAMETH, $HA
TRZLOD, BTLITEABKRER THINL LD TREV, FCRRIMERICRPHICETS
b, POXEBFLLIRWMBL LB LRELWS, BkintR2 b, BAFTHERT5XKiE
BRI B TH, #BB04, #HE, BiikBsERT~2ETLEEL LN 5,

Aoy —AHERTE, BET—EELTVWELS, ORORRARELE, BAETOLODOEK
Ay —XOMENTEAT LR D, CLhHH3235THA, LiL, tORe, HIEkN
DBRER L7 0—FLTHLLUARELS, EBERThEN27 0m (M. B—005), 360
m{M.B—003), 4608m(M.B—004)¢t%b, t0Ls%2BAEORRY LI LR
Be R, EMEX3 6 0m—F L LTELANE, HERRSOKE, HFREL TN ThAARO
b, EHK, HTHBEOREAERTE AEThE, HESM. B—0 0 3 ORBICS{MAHEE,
BEMMM.B—~005TIEM.B—003m8, 14, 21, 28mmitwLT, kEBE63, 104,
156, 208mmt%hd, X, M.B—004—Tit, 107, 17.8, 267, 356mmcib,
WFhT LT, KO e SEMBERERIC L - (RIS 9 £ Thid, vy —Xofhic, &
REZEOHRCKEEESOERTHAET A0V —XORRAZLBLELLLTICETH A,

HEH74 - VAL o THE IR L S0 LThid, BUHSKRY voERECoEEE LT, B 3.
2.262@ohb, BL, XEKDOWTH, E3.2.25 LEROC EHT 4, E3.2.2 565, FH
<, Bhgfko kBl iERsLE TS5,

REEOMERERLT, BE36 0 mOoBEEN T scale up THidH3.2.2 70601 5,
AL, o0Ps, MREGFNTN L 96(M.B—005), L72(M.B—003), L/s6, 25
(M.B—004)7&5, X, FRIC, BEEROHAERT280900m? LEELT, scale
up THIE3.2.2858 605, L, BREXThEFL 1L/82. 34 (M.B—005), L72
(M.B—003), L%64, 81 (M.B—004 ) L%k,

Pk O/ & % Bk TREBEES K RITTHEBOERE, RBoRERAs v» —-FICE L TH
ETHY, BkRTOL008KIL3, HRER~N - AOERTKRHMESED 5, —F, BER#




A -, RO over allIOEFHEALIELS, DEBE0EMNAL D, HRER~-2AD
FHITH, £TLIRBRNEZNWRTHEEZWY, SENNZDENSS 59,

BEOK O35 04 W CauchyRCREL L, FimKD o, 2350 0 kPa O, HMREE 196 T
5.2kPa, 1/56.25 Tik8.9kPa & %22, ZOBRED ¢, OERICL 5T, KhOEHELEH
KBEEBZ LBETEVWLDEEL LR L, 5T CauchylizRET 2RBRBR BT o & LT
b, BI3.2.37RUM3.2.38I0RENABEENKIECELITEELPEZNE DL Bbh b,
,%&mﬁﬂaﬁﬁﬁému<ﬁﬁ-k&?%tbkﬁ,ﬂ@tbb@ﬁé%&ﬂﬁﬁ&@ﬂ%&.
KPEAOEAEASMASBHITbh AT LAEHRE R 2, BNAR LR RBRERR TR, &
DLSAFMELITOCLL, FILHOHEE, BHILBETHY, THES, BHRATBEITBAWES,
kR IC &+ 2 IMBOFE L, FEMZEAIH T NEOER, Db bodily A TERTL
W, FEkTE, H3.2.37RUEI.2.3 8IGENEELELLRS,

RATITREOCEEN T, MR IRE OBM, RUBE - KEEICHKE T ME L BERE T~
DKOERMBHEBAC PR T, FABER~N - 20k TR, FITRORWE, M LAFR L
hB, TOLHAKOERESY, FIRBLLAEXEERBTITET IR, EMOESK LT,
PIBOFELCBIME LT E R 5, [3.2.3 751, CODOERERLLASDOEEL LA,
8 (M. B—00 3 ) BEEOFTR CRBRA ToBKA o A BOEH b LA & - X T,
BABEIEHE L2 T D, FIHOEWM.B—00 4 TEESkKF oFind, KEHETITon,
SECE(LY, AROBEIIEEAS L, REABERI LELEGELN B 5K 5, Tk
OB ( clearing ) #8 k15 &, fore shoulder fHETORKICH RN, chb
28R LT, BRECHNNEELRET 5,

(5) FAETPATES O T

B L\KTRRHT T R ERBEC SN LRKBICSE > TH, BEFTELRAZWOS—KT
5, thil, XEEZEL, XFrOoBROBRELR LD LXK, ToFEEEL BTG
OERICH LT, #EHELZETIEZNWADLTH S,

ERBELZ LOWRL L6, FoKICHE BEMNAKBBEAMBES L LTtE¥ba i, X
BBBICENTIBKRERTH 2, LL, HBHENBEPTHRREEE T 2kEHENBICENT
W, M2 KREIEL A, fore shoulder #: 5 aft shoulder Chk -T, KEEEBOET
FEL, ThTERT L LHTEZ W KBEEERD, MERICHT 2RKICYL s THRIAL
BAkBEKiR L 40fk ( fore shoulder#: L aft shoulderif) tOEENZERIERL, XBLD
& & ORICHIOKE v E T 51 2 BEERED £ 0 6% 5,

kLR L OBERITIERICHEETH 2, BRI E IXOWBIMEIL T 2BME pt, KOBEK
B+ ARF[EN Pk t#B4 5% TEIT T

P=Pk=kptk @)
T35, AL, kOFE e, HEBTI R ¥ — ¢k, WEHk Td 5, PkavkOERME 0, K%

LnboLd+hid, EoIFALREE ag 28

ax=v'20,/ ke ax’=eg/ (8}
O, BEHEEL, BEORAILZAELECEILL Ty, HERMOMEORIEMa ko
BEER L LTRBEIN D40, COLSRRBTRLICEHMNICIR S & L B8 L\, BEEES Pe
i,
Pe = pCil , Ci=+E/p
Tdd, {BL, KPFEBCI , KOBMELAER (, MEEE &+5,
1% O P FIHABRE T,



g, =pCiag ()

ELTEwhb
g, =0,/ /VEp, k=2E o, (6)
Th5,

HETE, KRINLOBMICI-T, BIMTEOKMNELEIH, Bhiakdfr{ BRIk
RECRECESIh, COBRKEE, REAREKEE OMICPME LB L, KOBMRMT zH
ok, BERELS L EERERA S 2R 5,

TR AR LITRE AN, B SRTE - oMicyd, R, &TRMEREITHE,
FIMICE A ARRICERIH, XOATERSEGTE L, 0L CREEBORB EHIR/YD
TRTE, BBEEEE £=0.03~006 M3, BHEFHOKD NEBICE Lin, ERERIEC
B, HRRTFARERECHEREERT 5, ‘

©3.2.39a0L 5uBxELD, BHBOE S, B poxWHEK—PRE L, EFER

Vx>>Vy m
Thhéth, COBEKHEReynolds OXABATE S,
%Vx _1 dp_ p
3y 7 3x+ phep
@®
ap _
ay 0
THi, X, EEOERY2L
ovx  2Vy_
. +ay 0 @
Thb, L,
1 v av
ch—-?f { Vg —x-!-Vy-—;z'} dy 10

Thdb, Chriki
Vx=Yy=10 ¥y=10
V=0, Vy={ y=c¢
OTERGE, R EEDENMTEORLEE LR L, BPOENPHE

p_£3CG——x)(7+02pﬂ) W
&k B, a’leﬁh‘. RERTH- T, edhTHThid
P~ (——~ﬁ 02

LT E B,
BoOZEIKROFBETE, y=c TOERNHIBEE L3 OLT

a3 3239 a WEKE

3
P=5" s
185, Blb, BEAEPHEEIBRMELH 14 CEPELZ C EHbh D, FAMTH,
. 2
p=K¢& (‘%‘*—xz) 04

BT, RCLDKEEDLEMEL LR D,
04 RexRCR-> TRAThILRARE SIS Y OKHAE

p=g fcr 63



85,

BRI L 2B OERTELD, C, Ko
HEZRE LUERORI (LI - TES 5,
KROWBIDPER TR b0 L TR,
B, BTN tEoc ks, B

3.2.39 b2 5
_ _ { Cosa
C_BN_Cosﬁsin(ﬂ+ﬁ) “
TH5HH, ERFIBKEhiCE~E B8239 b KROEW
Cmax=h8in(a+ﬁ) (m

cos @
Eh A, HECE, ER#eKERRLAZEREWL, a bBIRCTHERLBLA —FTHD LN
HRTH D, 9, 645, BAREINL Y OKENE

3
P =4 ST PreaTE @
K=£f(n, )
¢k b,

BEDI ST, KEMEOTHRIBHMT, BERETE > TORMAEBRBARELT TR 9 2FH
Tk~ BokE ThICH SRBOER A —REEMICEF 284, XEBERE, #15 R
FITHONER L HICHAN I T 2E T b, ORI, H3.240a, RIF3240b550%
HETE 5, EF2DEKFICHARIC Y WER 3N LEKBBEE RS 2 EDKECHE L TR
{, Fkhofakt b oER BT, kB, Tk, HEUMOBRETHEL LW, FIELE
Kb, KESLWEHESELT S E, THUEDE LWk EEERARE T 5 & 24
B, B3.2.4 14, HEFGHOHBE LRIC, sHERIBECERT S S8H oA Tk
ERLcbDTHLH, Wk EETH, RNEOCHEK I AEFMIM—~EERTELNT L WA,
ke, EUKEFICRMRIC Y 2EMMHE—F T4 (, kB, BE~ORAEEIBLTEVWC LY
RLTwnA,

KBS i, RKBROBM LIS 2 FEEKKTOIE—BrE, RELZKE L oA
Fha b rER T, RETFTHORIW, PITHOHERIC L 2 EFIMIMRE T H 2 MBI H D
ANEATEE S, KIRERS O, 20k 5 A EER CONRERITHES O LRE, 8, KM, k
HEWKL L A4, KXW 04LppTHEHEELL 5,

i, #LR vy —XoHENRELTTRE, SAEEMNORETS Y, FzdEfEAOERICL Y,
COLBAERLBLITHEEES5LEEbh 3, X, LTERE THRKICY 184 ORESCED
A FERKE OBBIBEIR L, ERORAROEELEKEOBNOA LB TER TS, BESE
WEECHICBE LATRKAE BB THRHERWKEEL T, 7r5HEEHATLTEESE S S 52,
HBEMICEEZ rise of floor ¥ DA LKLY, 2BEEROMIEONLILOLBEbR
P

X, IBEETHRES ToRKEOHEEE, 5 WELESNT, $%EAERA O, sea chest Zoik
BRooEE T, ZOTEILFE L RN,



HEFTHBEIOTRIENE, KREHFC 7o RS BAREILL L5, Fe5H~ORKHE

AFEBEE—-DOOERE LTELL L, HBE0.2 5 LEEDR LR DN S,
(6) HeftithE

AT BATAMBERATONLL SR o4O, B(REOZETH D, TORRIE, B,
T4, WFhté o THARREOHEBENE (, BETRHELY,

A - BN T ER L T ARAO—RAKBKRIETH, B BRI T, k2D IOMR
BAFBE T LANBLER TV, XFRBRCHNTH, BERRUESHRFLCENT, WKRO
WMNOMER, Bkl & OMETHBIRE k-2 —vOEE, FRELTORKEROERT E2D
b, & - BERRROMY T Lo B&HFICEM:S 5,

E/0, #% <, CauchyRllt Xt -~ Tscale dawn L7&HBHBEELKS TR, HIROBH
B9% EWHAE L, HEHARICEN T VEENORY ZHEFTE D K », BECEnTHEESE/ 9,
OEE»Y T, KOEMMEE 0, TonTY, FAE

) - £

g1/ prototype o1/ model
ZEORFABHU DT EHBEER B,

COEKT, ®3.2.2 TR LAKNBAREBEZ AEZR/ICEET, tOEMELOWTHS
% hORERD L,

EHOEPU LI, 7R_IFORTAMVRF A 7OFBRIAE TS5, £3.228~3.2.34
HL&BLML L ST, center propeller, wing propeller, WTHICHFELWNAT A LR
Ura s EBRE bh 3, ik, H3.2.2 801 5 CEREES TR TBEIC, B HTHMEs, &
OREORBrRHOLEMHIER L, BEWHNHE, 7r50k A7AF, FAZ2REDNT
e, RUAntuErdB8e4s9,

TERIT—AYCrt, center propeller I hwing propeller OFAFALEL, BOTE
METHD, L, 77 ~0RKROEBOREBILI -7, H3.2.280L5, center
propeller DA F A P EEABHT AT L DB,

ASAPRUPAZOEFEA L 75 A0AFE, 32280 BT Ld—RLEV, it
@, 7e7RECHTL2HKAOBROMELRRE L2 THY, X, K, AFAE, +AIO
TR LIS AQRMERSL, BKF L7 7RE L OENBRETAL T EHTE 5, FlLH,
(13.2.2 8 Tk, B9k} it center propeller ©7 e~ SRE LA YFHCHBLTY <=7 K .
HEERLTWLERRTE S, chid, KETORABI YORBERKL > THLDLA TS, T
@ﬁb,z?z&,F»?@EEEZbfﬁAﬁﬁbTﬁgﬁﬁﬁt%ibﬂéu*

¥ duis, BERA S v - OKPEEC DWW T, HBFTEES, &,



#3.21 wHKEER

Model Name B—003 B—00S B—004
Lpp (m) 5.000 3750 6400

B (m) —_ 07222 —_—
draft (m) —— 02778 —_
(Naked)

v (') 07503 05008 1ﬁéa7

Cbo 0.7480 0.6 656 0.8019

Cp 0.7518 06690 0.8060

Cm —_— 09949 _

Cw 08674 0.8232 0.8964

¥B(Fore) - {(m) 0.058 0.047 0.063
W.5.4A. (nf) 5071 3526 6801
(With all appendages)

v ~ () 07526 0.5031 1.0320

¥B(Fore) (m) 0051 0.039 0.0 5’7
W.S.A. () 5216 3671 6.946
(Without side bessings)™

v (r) 0.7509 0.501 4 1.0303

% B(Fore) (m) 0.055 0.044 0.061
W.S.A. (af) 5145 3.600 6875

#322 EHSIr2F

MODEL PROPELLER NOS.

B-001C, R, & L

DIAMETER, D, w

PITCH RATIO, P/D
EXPANDED AREA RATIO, Ae/A
NUMBER OF BLABE, z

J.1389
0.800
0.810
4




5Q0gr

ICE FRICTION

3.21 TEHY(SE, M.No, B—003)

V=20mm/s W=20kg

1.0 SEC

[ 3.2.2 JKIEERCEH

T v T

R, kg

M.5.NO. BOOS RESISTANCE TEST
{ LEVEL ICE )

299
8 2920

Q2
Vv, mss

(3.2.3 EHERHER




¥ T T T T T T T

M.S.NO. BOO3 RESISTANCE TEST
{LEVEL ICE) 7
4 4
h=2Bmm
2
ﬂ:. 30.2 S7e 443 030.2 .
21
2 oas 4
a2ls o9 14
omRe ol2r 8 i
ozt o154 oﬁ“ﬁ
=7 -“-_-J .
0 Q.2 04 Vw, m /50.6 08 1.0
3.2.4 #HHEARBR
6 T 1 1 T 1] 1 L) T
M.S.NC. BOO4 RESISTANCE TEST 28 h =28mm
(LEVEL ICE) o~ ]
4 i
&
= }
2 4
0 0z 04 06 o8 10
Vv, mhk

@325 HERFERER



BHUET ggclA

ud
ro S00

mﬂj
12
wwgz oy

{ 321 T3A37)
1531 IONVISISIH POOGONSW

820

S0

WA A WY = )

SLO

o)

gHURT LoelE

u4

I'0 500

(321 73A3)
1531 INVLSISIH CO0BONSW

€20

510)

WA _MAT/NY = W

820

BHUBT 9T el

uj

{321 73A37)

16831 IDNWISISIY SO008 ON'SW

L

€20

=10)

A _NA/NY = W)

€L0

ol



20

T T

MS.NQ.BOOS SELF PROPULSION TEST 30.80

h=28mm
REVOLUTION  (LEVEL.ICE) "
287

21
Aazg 112
§ 7 2 14
.-IO J— 6 1
=z F20 T2 -
Iaic’),/-%/
T
% a2 o4 . 06 o8
T Vm, mA ’ )
X3.2.9 fﬂ‘\'f’@ﬁﬂ
|5 T 1 T T T T 1§
M.S.NO.BOODS SELF PROPULSION TEST
THRUST (LEVEL ICE)
8
10 K -
h=28mm
2 2
[y 28.2
St 28 4
15,1
132 14
% 72 WP— 8
M—
71
00 1 012 L O!4 'l A L
’ T VM, m/s Qs o8

B3.210 AFA}



03

M. S5.NO.BOOS SELF PROPULSION TEST
TORQUE (LEVEL ICE) 3080
h=28mm
Q21 7
g 287
g2
28,
o
O.lF .
°5 oz 04 . o6 T os
oVu, mA )
M3.211 + A 7
20 T T 1 T T T 1
M.S.NC. BOO3 SELF PROPULSION TEST
REVOLUTION {LEVEL ICE) 30,0
1030 h*=28mm
250
3 29&3___/229‘.?2//‘,_’—/—-’0—-_ 21
. [o]
10k 21 E//a nog— 14 4
=z 2160 2l.6%8. B
(LY P— Y 74
Big 8
OO l OI2 - 014 l OlG l 08
: ’ Vu, m/s ) ’

[3.2.12 7r=7EEGN




15 T T T T r r
M.5.NO. BOO3 SELF PROPULSION TEST
THRUST (LEVEL ICE)
10 J
o
=3 .10
- 30.30 b =28 mm
[
.5 - 2500 3 .
z-lio_———_—'//al/
21.60 oo 14
260
,4MT5——"'—1—2?6——”/:50—' 8
N — a:lo"—fr—/
O i 1 1 L i 1
, O 0.2 : 04 Vu, ms 06 08
3213 AZFAFb
0.3 T ¥ 1 T L) T
M.5.NO. BOO3 SELF PROPULSION TEST
TORQUE (LEVEL ICE)
o.2f 1
3000
E
] 30.30
=]
-3 ‘ 29.00
c 2900
G+ 21 .
23.00
230 //- .
2@/2'-60 |zzo”,"|:5
|4.|1/
s‘/
O i I 1 k i "l
0 oz 04 Vi, mis 0.6 08

3214 + A 7



20

MS.NO.BOO3  SELF PROPULSION TEST -
REVOLUTION (LEVEL ICE) o—
T 0424
/ &ies
Q182
"
[« 3
| o} -
3
_b
/1/
% 0 20 30 40
h, mm
3215 Ze~F@iEH{KED
15 . . :
M.5.NO. BOO3 SELF PROPULSION TEST
THRUST (LEVEL ICE)
10} -
VYm=0.606mA
o
E 4 0.429
- gy e
5F x 4
4
o]
— /
0 i i 1
0 10 20 4 gm 30 a0

@3.216 A~5Abr(XE)




03

E3.2.18 7a~S5HiE#

M.S.NO. BOO3 SELF PROPULSION TEST
TORQUE {LEVEL ICE)
0.2F i
£
1
o
<)
o.1} i
o
0 40
B3.217 raz(3kE)
20 T T 11 L} T To L]
M.S.NO.BOO4 (SLEELVFEPRE:H@JEE‘:EEEST B8 hezBmm
G
L
REVOLUTION _
4(’777
14
L]
(=%
b ]
lof -
=
% ' 0.2 ' 04 ' 06 ) 08
g ’ VM, mAs )



[5 L L) L} L] F
M.S.NQ. BOO4 SELF PROPULSION TEST
THRUST {(LEVEL ICE)
2890 phrpBmm
& 7240 7
10 1
£
217
-
"
5 i [Z XN 50 1
__,yo/l’-s 200 g
r_—/
-—T7 77 0
% Tz — 0a ' 08 08
) Ve, ms :
3.2.19 2Z7A}
0!3 1 1 L] L] T L3 T
M.S.NO. BOO4 SELF PROPULSION TEST
TORQUE ({LEVEL ICE" 2390 h=2Bmm
C2F "
E
2
o |
0.l
138 0
/ 1010
1.7
170
°5 T wez 04 . .08
oV, mis T

@az20 r A F




M.S.NC.BOOS SELF PROPULSION TEST
THRUST COEFFICIENT {LEVEL ICE)

Vm=0.182 mA

40
B3.2.21 A5AMEH
M.S.NO.BOO3 SELF PROPULSION TEST
THRUST COEFFICIENT {LEVEL I[CE)
Vm =0.0182 m/As
[=]
0303 _
Q.424
0606
40

3222 A5 MAH



3 T T T
M.S.NO.BOO4 SELF PROPULSION TEST
THRUST COEFFICIENT (LEVEL ICE)
Vm=0.182 m/s
2+ .
/ 0303
1F J
0,
0424
% 0505
O i 2 1\
9] 10 20 h 30 40
, mm
®3.2.23 23X MEH
ls L 1 L
M.5.NO.BOOS SELF PROPULSION TEST
POWER COEFFICIENT {LEVEL ICE) Vi = QIB2 m/s
10+ .
/ G303
. 5 J
* Q424
Q606
o .
l0 1 A
o} 10 20 30 40

M3.2.24 ~<v-{fH



M.5.ND.BOO3

SELF PROPULSION TEST

POWER COEFFICIENT  (LEVEL ICE)  vmsus2 mss

B13.2.25 -7 ~{f¥

40

M.5.NO. 8004

SELF PROPULSION TEST

POWER COEFFICIENT ({LEVEL ICE)

Vm=0Q182 ms

0.424

B3.226 -~v—HEH




THRUST DEDUCTION COEFFICIENT

M.S.NO.BOO3
05 =
h+ Bmm
...... 14
—_— 21
—— 28
0 -
0S5
t
O L
M.S.NO.
05; BOOS mxon
-.__‘.\_ -
I
O L 1 i L L }
5) Fn ol
3.227 R#ofIgiEmH
50.0 . .
%) | MS.NO. BOO3 SELF PROPULSION TEST
Vk=0.423ms CENTER PROPELLER
40.0+ h =230 mm i
300 .
20.0t i
10.01 . s 87 am w‘ml a2 E
498
.58 - - CB‘.
-050 0 50 100
’ THRUST kg

3228 AFALTE( center propeller )



50.0 .
(% | M.5.NO.BOO3 SELF PROPULSION TEST
Vi = 0.423mAs CENTER PROPELLER
40.0 - h =23.0mm 4 i
300} .
23 ez as
200} -
10.0F 1
. T&
0 ozd Sezigo
=20 0 20 4.0
TORQUE kg.m

3229 tA2EE{( center propeller )

50.0 T T

(%) | M.SNO.BCO3 SELF PROPULSION TEST
Vu=0.423m/s WING PROPELLER

40.0F h =23.0mm |

30.0+ 4
20.0 i

10.0

T

100

-50

THRUST kgq.

[3.2.30 A5ArAH{( wing propeller )



50.0 : .
(%)] M.SND.BOO3 SELF PROPULSION TEST
Vi = 0423 m/s WING PROPELLER
400 h =23.0 mm .
30.0} i
59
20.0} ]
{:{e]
0.0} -
0
Z0x 45
0 , I.%O” 04
-02 O toraue kg.nqz y

3.231 ra2%E( wing propeller )

50.0 T T
(%) M.5.NC.BOO3 SELF PROPULSION TEST
Vu = 0.60Bm/s CENTER PROPELLER
400F h =25.0mm y
30.0 J
2537
06
20.0F .
16.60
T

0.0+ .

o tmz = T7 1%

-850 0 THRUST kg 50 10.0

B3232 AFAMEH{ center propeller)



50.0 T T
(%) | M.5.NC.BOO3 SELF PROPULSION TEST

Vu = 0.608m4A CENTER PROPELLER
a0.0F h =25.0mm .

30.0 B T
I

200} - 1
Q.0 b .
0 L :
2 0.2 04
02 © TORQUE kg.r

B53.233 tA7ZEE( center propeiler )

50.0 T T
{%}| M.S.NO.BOO3 SELF PROPULSION TEST
Vm = 0.608mAs WING PROPELLER

a40.0F N =250mm _

(2]

o

o
T
1

20.01

0.0}

10.0

[3.234 a A5ArTE( wing propeller )

LI



50.0 T T

(%) | M.S.NO.BOO3  SELF PROPULSION TEST
Vi = 0.608 m/s WING PROPELLER

40F ph -250mm 1

3001 _

20.0

0.0}

04

3234 b A 2% ( wing propeller )

—_— M. B-005 . he2me
- -
M.B-003 - -
. -
_——— - K,B004 P

F3.235 HEHMioH
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o 107Rpqw
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0 .
B 3.2.36 BEMOHS(ERTE)
-
IS- 350-m
- B-004 ’—-"’"‘

'y ’,’,’

g, "
St -7
" - meoy T

T
o
7y

\

m&z;7 HBIMEO H# ( Ep~—-2)



v = 260,900 x

H3.2.38 HEAEOHR (HEHHB<-2)

UH. 0.2 mvs
i +
___—-—'—---'-'-"'-_--—.
he 20 mm I
S ——
. ,____.____—-____—-____—-__._——___—-.__
21
" —.—.—.—.—-——-—b_-ﬂ———-——-_-—-—-—-_—-‘
8
1 ) |
‘ s « B
L1 1 i P R ; Ly . 6
0. 0.2 0.3 0.4 .
Lparanier/tn

3240 a #MEFTHOFE



T
Vh - 0,5 m/s
[ = ‘/
/'/
- —
i
£ h:_z.g-ﬂ‘"-"'"/ //
- /
L R -~
2 e — -
21 -
"
i ::/
8
o 1 1 1
3 4 5 &
L L L L 1 1 1 I“ ‘" 1 A e
0. 0.2 0.3 0.4 0.5
Lparatier/tn
(3240 b HEPTHOFE
osT
:
0 1 1 i J
0 0.4 .
.Vh . o/ 0.8
[ 1 1 A i L Jd
A 2 8 12

[ 10
Voo kts ILH-S. L =360 m)

s

B13.2.41 kPt LEmiimes



3.2.2 B/d¥Y-ZXBRUmidshjp ¥V -X

B/dv)—x024, MB-012 (B /d=225, L/B=8), M\B—013(B/d=3.00,
L/B=6), BEUmidship OREZE{L St midship v ) —x024%, MB-011(side
flare 8, L/B=692), M.B-014 (MESEM, L/B=692)04HBOXEEHFER
3.2.4 R,

G, M.B—014, BEM.B-0030REDSEHME L ThEAKEATRLOT, SENEZLO
TH 2D,

M.B-011, M.B—012, BUM.B-013 03 BOFEHHEH3.2.4 2T,
SKIKMORRTFEOBAL LY, oDy ) - XOERRIRERTH TS 5,

#2323 MakFRE

MODEL SHIP NUMBER -0 8-012 2-013 B-014
(9 o 5000 S.000 600 5.00
fu w) o.r2z o0 083 o7
LW ) 0.1306

MAKED

v ) 0734 0.648¢  0.8847 0782
& 0.7321  0.M&  0.MN 0N
6 0.764 07515 0.7504  0.7517
£ 0.9628 0,993 0.9956 0.9
(3 .86  0.8671  0.8875  0.B6M
®, e (w) 0.052  0.086 0.0  0.19%9
s ia?) 499 4es6 S san

WITH ALL APPENDAGES
3

v tud) 0.73680  0.6507  C.B67)  0.7B49
%, fora (W) 0.045 0.050 0.051 o.1327
$ tad) 5.139 4.811 5.628 5.262

WITHOUT SIDE BQSSINGS

v wh 0.7350 0.6490  0.8854 0.7832
., fore [1]] 0.049 0.085 0.056 0.1968
s (a%) 5.068 740 5.540 5.1
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3.2.3 mBaoksERICoLT (10)
1) RLsic
BoxkdodfEsit, BOEEE, BEOHN, KE, KONFMHEHE, RBOEEREOKRL L o
THAE LENT D, X, kBB—BR—EThoTh, KEOHSE, B L MoESIICER TR
(B TH D, BEHECSH UL, KEE—RTHLHZLIBATH-T, RHOEGIECH# TS
Do
HEFEOKBROERLIEEBI, HFEremote sensing HffO#Br L e ELo0h
B8, ridges OAWNLEEL L RFOZREYEL TR, BEOKRBEFROBRICIIER .
MG 0ET, BEREBOKEF— 2852 b UKERHORE 2 7848, BRTL, level
ice POMEELRIORBLLY, TOROKELLTR, BIKBEEYELLBELL D, XNER
BEYZEBLIKEYERZ b5 5, MEE, H5KED level ice ROMFEDR, HMETEL
CHUIKRPOEELRIET ARBUETH AL VI AR D5, LL, = OEFECH LTk
AETR IR TR,
{2) Level ice HDIiEH
A BET 5 L, HREH TR, SRS X5R, &7, SKiFORFER - MNERy s
L, #VvOKREOBEAPEEIC IR U THEMIKIRO T BEEAES, kL nikicsrbhns
T, KBRS R: AR, SHRORFEE L, #HoT, BOEBB A ZThE, BXK
HHbKE LD, ROABHRI—FThnil, REERERIBRFCH D, —FCHKkOMTH
BERERHSEED1,/2~2/3Th50b, stem angle 243 (L, kT 2HEDMHER
AhkE SR BOREAETHBD, KPRAOHRYRLEETH S, stem angle HEMICH
24, KREHTHFHEOKTERSOFEI KA LEBCBETE, BRKALKTECLOPERTS
EBEL, Thdt, BEPRSITIEBETARCRGCE(ERT LK, FoRFE~D
KEMABYBDHHRY o, X, BEBRIC L o T, XEOHBEI  ITEHOMKERILL 5T
TEENLBELH D,
ZDX3, level ice PDPANDL, KROBAD A H =X a4 TH D, X, KEOH
BICL o THECIKBOERE BEHTHERL—MRTILIEVE, level iceROREHRI,

R=R;+ Ry + Rs + Ry + Rs + R {1)

TRHEIND, T,

Ry KR AFERYEL D & X HEHAMS

Ry  XIFERT 20 OB4

Ry ; KEKHBELEV ETHI L C LI5S

Ra  KEBENCHE S R Tie i (e

Ry ;kRAEHTUDZ L L5HS

Re kMR LDBBIC XD
Thd, BEZL, Lewis—Edwards (1), Edwards et al (2}, Vance (3],
Enkvist (4], Dorgeloh (5), Milano (6), Kashteljan (7) ZoiEHRRA
APFERINT5HP, Milano OMERAIAL LT, ERAMIC X SHRCX, KIS
LS, BHOEMBIC XSMS, Rtk RO XFIL<CBikbh o, BRFEROH BHKRE
Erbix, 3RAFRBRELELOR D, ARMATEEROB L D TRI 2.4, HERO LK
FlxE3.2.4 31LRT,




(i) KEBONEVHE
KEH EC, BRALBARE-BECE, ROSHHELAREEBT2AEE LY, B0k
WEERT LMK PERT A 08555, COBE, KECEMILLEEORLRAL Y
HUHERDY, ELOBBHHEOMELL CBEY Z e TE B,
KB IOk by HES BT 588, FHOBHEEUSBREE U 8B 5L kK
CEBRRET D, —H, U LT O®E C, BILTEEROBAIE, HEL BT, ©
DERFNEE, SACELLIEHOERHIZ, ThEh

Uo =Ci{gt . 1c=C:eU/[gs ~Ca. tec =2tferg @
Cy~13, Cp~2.7, Cy~2.5 (8)
ThH, AL, LBEEE2 (circular rigidity )T
L={Eh’/12ng(l—#2}l/‘, pw KOEE, hKE, E ;AR
poETI R (3)

Tho, KiEORXBARU=U;, OFRIERLLY, B0 &M L bETL, X, U2,
DBE T, BXBEIEIEEL D/ MELR 3,

KREOBAK, HEITE, $45-2 37 bRIOBKIMIDAB I LD SHBH, CORRHERHS

nTws L 5Tho,
li} hrokBEOHE

KEDETICoh, B OB L HNROREIREIEMR L, #KEO L 3 niREIC X K
DEHRIRO LD, KEOHRIL, HAVKECEML THDTET L, BEREINDKEFD
EEI, FLLTHEDentrance angle KXIoTELEENDS, Bl hEMentrance
angle ¥ AT HHE T, KEOHBES bR, KA L DWBEASEL CUXT 5, BB
DHOEPCLFC, TOXIKEAEETCE S (H3244) F0= a8k, KB
BE—chhE, RERR ST, UL, Bk oRMARY, RFEFECEFTELTS
L REvdohns, HMEKE O TR, AE»OHREPRBCBELIRKONRBILKE LD,
thicit, frame line ODEMGIBENSLS,

PR oM GBSO ERY AVC, TORRESEEERL L5 L TARARL 5,
MESR S, TOL I RERTR, KROBRITEA» ST Y A UBCETHETE B,
R EHRKE ORI, KEOR4 2~ 38 Thih, KTEHEOHRDRLEHNUDELERTS
GBYELS,

SRR, REROMER Y ZETH L L CHRETE S, WA TR 2B, 583.245
DL EEEFAYELDE, KK, FEFETHDRayleigh BHEAKTE»ORHMX
N RRMERE L OTBFECATNRAR ( BEEHM ) 2 ET3, TR TOER LI,

ya 2Ug
h U 1 (Un ¥, Ug., Uy ;KPTDRayleigh BERUHH

¢ Ue B R OB (4)
ThEzbhd, EREOEBKI, THREEZAFEYETH DA, BROLHEHHELAMEEL Rl
21, WRIERCHT Y A p 0 OmBE s, Hb



_, (1-2p)k?
B (1-p)-(1-2p)kt '

ThoH, = 1/3 OB, k~0947T, £/h ~1.1:%D, EHBEHORKETORE L LERY
B{~%T3, AL, tOoMARARISTIGRARKHRL €, XA PKEr GBI bl
Tz, KARBR~OMEORIER, HRAUCHAACEET T, BRAVGRKETHEL /h /b
BLEDHD, YROZERPEID L/ BNEORERED ) TR, KAORECHETTLEY
BT B,

—BIICIE, £/h 2~ 3Th D, MIRKE ~ONEHRE, £ 2 PIRARICRE >TET
B, RERICH, KAMCECTHIREEECr o, BERSGOMIRAI R - THELS
P, CORAIE, H18BCELTHISKRCREIND L E RS,

KA BV S KA, BECR S THREBHL, 25U I KA LK T HK
BET3, XFoOER, HRARTHYRGE: T35,

M3.246DL5K2RTEFAEELD, KARBKAKRH > TTHBRL, Btk - KAk
1%, FEA2CEENR, = (R, DE{, KB HoRERAF, RUKPHRAF,

f k = constant () (5)

F, = R,( sin p —fcos 8)
{6)
F, = R, (cosf+1sinf)
ThH, 0EABYDE—F ML
M=R,{£(sinf~fcosf)—h(cosf+tsinf)} (7)

Lirh, RPREBTIM, = 0TH?, € AROEMRL ORERDETH S, o T, HEOR
FEMm L, '

8. = arctan{(1+fh—tl)/(%—f)} (8

LB, 1 =0.1~0.3, £L/W<1THBE>H, EROFBRIEFCETS 5, §HROEAED
0 A0 LAY RN, XEORERES TV, LrL, EBel, AR TH OKFONsms
BEHIERBRCEL(RBK2ZVHE ), CoPSic, k3O LT(EETAI LK
nBhh, EHOBRRESAS, b

,B'o—arctan{(l+f TRy )/( S f)} {8

L), HARREAAIEIT S,
R, REEMERA B 0B, B EET 2BEDKF QR TEKOL Y

L 1+f tanp h'

h tanf-¢ (h k) 1
ThBH, S5, BEACELANT, N /haekibil, KOBRBE KK OEEI2{EBOREL,
B>arctan f THAAKED, B<arctan (THhNEIKKHOBEMES,

kit, KR THOEBELE»LFEUHCRDHB LY TS, [3.2.39T8=45" LEE

(WA YL, RARAYC—EAHE Thi,
S=1tkhvy2 )]

—74 —




(3)

ThbH, ROAEDE— 2> tnh, BEECH IS

5= %(cosﬁ+fsinﬁ) 12

Thbd, LN IKOBRIGTH 1 CFL Bk, KOWBESED DT THE»S
R, =27,kh/(cos §+ fsinf) 43

iz, 6, 4300

f' t - tan B +h } 1 )

h cos 8+ f sin B

R. =
» { 1+ftanf h

185,

KOBEBICK CERIMOEREACEL TERL 2530 T, ThyERF LI TEHHA
RETBI LB 5, L, RECERER ( Runsberg, Milano, white ete. )
T, BT L SBYLEEbR Y INTELT, X, Kokl s 2 ERREIC KT, R
B LTEE bR E Lok b o i HEROI L Th b, HROBHARN TE, BE
EI, ANEOPCEEAETE IR LBE,

Yakovlev [9) QEEEEMR, LT

R, = 1.046,h%k;(x) s

L+ 1 a T+a
22 ey ©( tan@+19
sin T

k,(x) =

sinfe

f'=141+ z
tan®a,

¥Ext, TIia, i, HEKES(CEHKBA), pilstem angle, S BPHELNxT
OEMER B TH D, 1906, BEERO I 0~ 4 02 INEHRLH Y, BB TORERE X
{—HLTw3,

LU, EEEFAELS 0, MYREFAORVPITHL R oBBAL Y 7 —F T, KOMRD,
BB L PRI L AT D £, FaA Y OMEDY, SEOWMEBLhERLRVRECSH B,

i, MBEMAYIC T AERROMEDS T, KIRE OEMELLE Y ARCEME L
A5, WKkO- 42— i3H3.247a, RUF3.2.4 7 b W0RT &5 CKEGNRERY S 5, A
DPA TS, WBETREOBREHOFTEL L 5REHROLD, BKFHD, vb@hclearing
RAREKEZRED D, LALFER L T5HRE, BHBOXOEE T, WET2HRH
HEgcaie, L, BENRYEHCESBE, pierPconical structured
Bo 2 RFEMRIC L > CTHREESEORMKD 2 A= X 2 ¥ ERMBREL 5240 Bbh 3,
ice—clogped channel Hoifi
Rk RF L €, BbEAOKE (725 (PHMK ) D, BFEK( level ice,

ridges YHThHD, HEBELLRLGERTOW. BB TORERTREROIKE: OFRTHL,
ZOPETE, BOEFPHERTEL Yk, BHEEK L > TELTS,

KK CAKIR) OBEHE, KFTE (CPGERXRASFE) L, kRHS I CRERRICES

Cxird—REyRbTHRHy, KX5Reynolds HR, =LV, v, (V,;XFPEEE)
TEEENRE, v 12, KELKAFTE(PHERr )2l oT



v = khyTg . k=const(N), N; @K 08

ehizambhTvb, #oTCR, X

R, = F, . F, = i KEDOFroude & an

Vi
Jgr

E
o

LFRbTLEDTES,
OB S kBEY—BAME L EL i, coPTOBOERR, 3
lm\!’2

1
_ ) 1, 18
Ro=—— " st(3)

TH5, BL, fillv, KOERTEEm, AREHKs. BOReynolds R, ThbH, DL
feB R HIC L REKE O 5 KB TOER, IKONFOETIC LS T, BKE KA L OBITFEN
EFLEEEC L o THRINDIZ L %, LEDOHFR L CIHRbR TV SRBF R Liug,
WRROF N HHEP 53 20K, DHOMELBERCKIEEY R Vv b
HotTuv b,

THEENS0.4~0.6 L EoBOKRTE, KR ORI EENBEHETHS, BOMATFCLIVAZ

nAGERIT, B3.24 80X ShRETLRL &, [, I TKEBARSSLVIRG C
Havh, REARY
Ny(x)
3 —
(x) = —— 09

LERDIEHTED, &, PECHAYATHHNHE v CHEL TS0 L, Affds KN
dp B CV240L T3, dp BERN dp L BB dp, =1 ldp, | 2OHTHD, dp,
o x A

)
dpy = dpa - ik A3
J1+ (y'(x))?

ThH D, KR~OT A% —EHE, K OMEERAC ST DREERRC, KFOREHREL ¢
BHEMLEDLL, Bldt AT, Ndp K IHHEER, KAOEHI A F—0lFCELVE
EEThid

20

vin VZ( y|)2

dp, = dm =_2(Ty") an
¥WB5, dm ., dx EOHELEMREBICA SOKFEE (RR) € 09300
dm =M—'dy v
1-N
OB TCRbTCEBRTES, {HL, ridskBoTE, k, BBEETHD, Lot
dpy = k,r®N vi(y')P ix -

1-N 14+ (y"?

%, EEERALC, EEITE, L {abheERER




()

(2)

{4)

(5)

(8)

m
(8)

(9
ao

k. PgrN

TN BL(%;F)2 tan‘a,F} 24

R, =
BB, k, BB L 6w r /hBEOXFEROAR I STEE P HETH D, — ORI T
Ztan a,~B /L Th 56 LR

B
~pyt(—)2
R, ~Pv (L) )
LT,
& % X 2

Lewis, J.W. & Edwards, R.Y.,"Methods for predicting ice breaking
and ice resistance characteristics of icebreaker” ; T.SNAME,
1970

Edwards, R.Y. et al, "Full-scale and model test of a Great Lake
icebreaker”, SNAME, 1972.

Vance, G.P.,"A scaling system for vessels modelled in ice”,
Ice Teeh 75 1975.

Enkvist, E.,"On the resistance encountered by ships operating
in the continuous mode of icebreaking”, Rep.no. 24, the Swedish
Academy of Eng. Science in Finland, 1972.

Dorgeloh, H., "Einfluss der Vorschiffsform eines Schiffes auf
den erforderlichen Schub bei der Fahrt durchs Eis”, HASA, 1976.
Milano, V.R.,"Ship resistance to continuocus motion in ice”,
T.SNAME, 1973. ‘

Kashteljan, V.I. et al, "Icebreaker”, Sudostroenie, 1972.

Eyre, D.,"The flexural motions of a floating jce sheet induced
by moving vehicles”, J.Glaciolegy, Vel. 19, 1977

Makstov @ private paper LXL%

LHEAK, " kpoERcBTS 2, 30ME", HBKNMEASSE 14BN, 1981.
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Enkvist Enkvist Lewis (1970) Lewis (1972) Kashteljan
Breaking - CyBhoy 5-“%““’: Coogh? CBhog k”}Bachu
140,01 {sideas)
( 1] Uc) k..quhzm’
{stom)
Subsarging CaBhTrg 9P 4BhT clnthiq CBh% g ko 9Bh2y,
L
(“lp""“i\m“;‘
val (inert) ¢ Bho V2 v2Btan¢ (h+. 2)BL) C,Bhp, v2 cyBhde5p, VgV k3B%hVY
{remynie) n
BLgp,, .167£5inyHipy,
{!’n_:b_nuﬁ)
2
Friction 14Cy - incl in C,, . incl in k),
: €1, 2 k2. k3
Crush and
Bend - - - - -
Rising and
Friction - - - - -
Falling and
Turning - . - - . ==
#3240 HHAN
Milano (energy aver x}
fSreaking
Submarging h Iy v tan §. siné
LI (pm,mp“) L aafexe)e —-{2[1+me ot "o
-2 2
iy, x tan*g,
tandysindy
&+ n,z + e ———————
z (I :.)xc nnlsi
Vel (inert}) [ JI9pxx"h2vitan &, 1335 hByLV?x tanis,
1 +
« x2an2 X
Priction {.50,8v2x " Cyracy)
2 2 2
le; and £ = 02767 + Ppicoséoaindatantd,
doh
ochitans (1+4tan?s Cost,)
dtanZatan?d cosd,

{ph - .'92«,{.045::9/4 . ni)}

Pe = .26lo.(.045h%9/4 4+ n2
c [+



#F3.2.4'¢

HHaE X

Milano {energy over x)

Rising and Ey = .0276/h (Py} + .0276n/R (po)
Priction
+
¢ Ppcosa  Teina h;
2 {n+l) | cosBy
. 4 A [I'cilm»l) + 2T sindjtandyv/cosd;
LY ———————
2(n+1) ¥1+tan2 cosdy
Palling and (243,002, [£2ev3) 2 tainyt  (101,) 402
Tuzning 4 - '2 7 ) + ——;-I-B—"- Function of length, density,
Y 12x°? velocity and uu}
+
{141a) 107,
- ——-———-—-{Puncu.on of length, density, velocity and tim}
n 4123‘2
Pp, * 196h + 55207 + 3@5n
Pp. * 54.7h3 + 1522 + 106.5h
iy
n
*
»
1 »
» 35
4
-+
[
[}
2
=
W 1
=

*

12

10

r— MACKINAW
h=T20

11 11 ¢ 1 1 1 1

11
€ 2 4 ¢ 8 W 12 W W 18 W0 1

SHWP PR - FT/SEC

€3.243a ERAERNOLE
(USCG Mackinaw)

3.2430b

ft

_ . 8
ice thickness
#HEuEAEA oo LR
( polar LNG Carrier, @)
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3.3 REYICERTEIKED
331 HEEH

EEKOBEREYCERTIREAR, ERCR, KEMC: 3REHOAY - BHRTRERHT L,
BREVOESYERTINEND b L, BEBEHRLABT, shell & frame AR FOL 5B
Bic R, MEVORELEET, BUGEMCRRS S5, shell 8 BB TRARBELHLINEE
iR, EEOYKERcHREE MAFC dent FEL, BACI L, TRKENHENOERLBESC
EWE Do

—fC i, REYHOERLLEL, boRBECRETIBALESC, HEDOPHRBILM/RTHT
EXTE, ThYBREEMTOLETE D, ’
© EEKBCRSESHCH R, Ko SEENTAONA, B, B, ¥ME, REHEERAITNIE
BT 2, X, BeEBEEAXOR, #EHoEbycoBKkF OHEM, rubble TH D, —H, HkdEh
SR ER T3 KENR—&ET %,

KRR MEHCEML, BT o8 LOKOBBEEDE Simde TESVIHETH S, A
Lok S B, KBS N ERLATICE B TKRER T 5. C0faicd, KECKE#EY
L OENBEIC irregularity bR, rubbleo@Imz T, ER, dif, BRI LORES
mode #randomic BET 5, AEFLOMEY R LAWY HET B0, HIFRNSEKEmede TH
5%, BREHER( re-frozen rubble) PRMmMOEMAKEFIUL, ERrmode THKGET 2,
X, KE, KEROHIR, SEAE HARE S8 KB KEAE KORRLEMmode ic KL
X525 #oT, Bifimode DRER, BATERTZML, WECTHEND 2.

ZOH, HE~Dride-up pile-up, IV, EXOKEOLTWEEHTR, Kicks
38 ( encroaching) bHH LEBIBMEETH D,

332 HAMBICHEBRTSKEN (narrow vertical pier)
ERESc@<KENR, KBhicd - THLL, BREOEED LKEOKD/ hH, D h~5
L LCHHBOEE 2. D5 hTH5E5hEMAEY, EWEME ( narrow vertical cylin-
der) LHT 3,

n £8 R
AWBEERCERT S KED pR,
p=F./hb 1)
THb. HL, F:KEE, HHEOIEbTH 5. R -T, ERHC L OELx p ogrrmhhig, X
FEFHARE D,
Korzhavin REMc T 5XKELHYHARL, vk
p = Imke, @

L@bLA. BL,
o, KOEREME ( —WER)
k. EMEAK caEmTHhHEK=1¢75
m : EREY, ERETRn=1
1 AGRY, EEMGTIR1L0, BWHRTRD/ h=1.0025&T5,
Korzhavin R X T, HEEIS Th T, BETR, o Offiic, HE(EEE)OK
ErERTEILELT, EFEYRET I,
Korzhavin X T, o, DM % HET54ENEY, BAHCEERISKENREREVWEN,
BB TRI=1.0TH500 p— o, THY, EBVHHETHE, p~2.50,200,T, =hity



EfEEc A T L, X, KENBEEKEOMOERMREOENLELIZ &Y, BEYE
ILDORKRROBHY IKRARRLES> Z24iTa s,
(2) miEmR

KEGE L DEMSZLTLOLRAgE 34 0H, BEHOEKCHKEAOMER, REEE~D
Bk v FRALOUMC T 5. ESRHF Y F (flat in dentor) DB S IDONTR,
Croaadale, Morgenstern, Nuttal( 1977) &k o TEAR TS,

Kk, BRL-EHE, WHEHHERET 5. BAUNEHES, KOMBERRE D qieHL <
KoakBBRBEI DL TETreacaBEREHENR oD & THE,

0y — Oy = Zq
THD. AL, 0, 0, BRELTITHS, —BIEMEEL, &Thid
dc = 2q

T#HBo Prager-Hodge (1951 )60t TRENBERTASH0LTH, LR, TROMH—
RTREERSBONR5, —HLARYE, ERRERTE, FREBMCH ST LK 5™
HAAOBBRR, FEEAFCHE SR » F5EMLUCR (incipient indentation) €FiFT
ERYRONEBERB LN L Lichk 5, FVYFOEHEN%R p, KOEBEE Y ¢, HALFEERY
1&LT, pit
p= el 3

tELEILDET I 1R, HvFER XE, SREGFOEAKTH L. R, @R, HvF
ERLOEMETCORGYELAT, I ZRETREIVWI Liehd, KOR v FADREN LD
L, #vFOiEd, KERELT, d<<hTENKE, OB, HROK Prandt] OffAL
B a. Tofg,

T
—&=1+E- (4)

a

THDe X, d > hTHIHTRELVBRIEBHRT

L_10
g

@D KL, 1R, FRA22 hd/ hoOB%ELT, 1~257TOMOEERD I EILT S,
M33.2KmRT L 9% EHEE (Kinematically admissible velocity field) 2
A%a 1PELTA h=100BAYELT, LRECIhW, HEVTHEDLHF»Fc XH5H4TD,
73
D, = pd*V 5
THDo EEONIFKME (abde), (bed), (afe)lif-T, HUHEN qic L 3 NEPREAET 5,
BAVKBEAE O A THOLTHIE, RBKRRELANVF—D; RuFHEE»b

d®sec® 2d%ten?
D; = o { ;ec + P } Veosec® (6)

Lirdo Dele e

p 1 1 1
—= (—+ }
a cosf 4 2sgin? M

%85, L TORNME, HEHER,

]

2 (r\ _

aaeﬂ =0
ni

* #lAd, #LE#AL KHIES  BBNFAM, +— it



o

I =F =134 (8)
a

%83, d/ hR¥BEZTIOLSEHERT - LHENR3.3.3 T2 5,
Ko v FicFE (adhesion) THHAKR, RETCARTEALHE, MEHER KO DIRES
Hquz@T2bOLRMT O LaiTas, COBADRBELT

h tanfcosec cotf
L — secOcosect +— + (9)
o d 4 2

BB OATV B0 EREFESS I ¥ HHTHEN3.3.3058b0 5, K3.3.38 Tresce DBRE
o LBBRIETH I, HOBHREICoWTIE, Ralston(1977) OMEE S,
(3 FEEmER
LREOMN,S, KiBgkioEmistERTtihE, MELOKOBEARI I LATFHIN
T, BE, 03 KOMERERc LELEBRINTWS (H3.3.4 )o bokd, Schwarz
B3, KEANONRBHEYET D LOFRDD 5,
Fa7 bih ./ dCHEEBRIC, 4 SOEMBMSED DL ThE, DY

h
p==ac(1+0304zﬂ (10)

EFEDLTOERTES, (10)T, d>>hTHhHp=19,TH0, tXiX, Korzhavin OIFAK
BIDOEEYER S ETRER,

RERE OB Ay — 2, BEHRLKESEMRLTETIRIOKOBB L TOABRALF S
CEHBMLLTES (M3.3.5 )e 5N TEIKOBBMAL—Y0H6R5 &, RURTMSNSOHEH
Th, DRSS~ KEHR LM RZLEL LN S, X, JAMEOERER T,
KEHDRBEOBIZRSDEEINE Vv Korzhavin R, EHREMKLELT04~07%L550
ELTWAR, CTHRECERT, PEBENCHL CERRAROKENS b st e sy
330THY, EMEMKkOBRETIZLETRS,

Tryde (1977) 1, KOEReHL CEEBRETE— FYREL, EBR

d -1 d
p = as%{1+11(&4+;01:a15;3m (11)

X|BLT Do BL, o, RKO—BEMBETH 2, o, cHTIHK0.8OBMRERKETEH 3,
9 RRAHER

MR rFie L 3 ALEEIZ, Michel-Toussaint(1977), Frederking-Geld
(1975), Nevel et al{1972), Zabilansky et al(1975), Hirayawa et al
(1974) &tk TirbhTinde X, FAMETI, Croasdale(1974, 1977),
Haynes et al{(1975) RYDHBERNED, thotrt tHTH3 3610 RT. HALENR
EHFOEERELL, KEOEBHELHSL5T L4585, Michel -Toussaint i, FISc @< XK
NEOXREAFLEFEETHY, THIHARRIDEBTH S LIEHL TV 5,

EHEEDOEVFLE LT, Frederking-Gold(1975) OEBERERNH S5, TORBTR, #A
FREIR R FOBOHCBRL, KEC L HRWLORERE TV 2.

Croasdale OFAHE (H3.3.8) TR, MAKEARF 27 tlhd,/ hic B LRENRD DY
FRBPOHNTWD, X, 2RCEBRETCONEOMAETKC L 3BBRHAECHLT, BAKBRTRY
AHESDEMNEHA N TR, COLEMABRBTHIKOTESRZINEKXEWE, KOFiGH
ERECEDIEWITEREENSEIL W50 E, X3, FARRBRTR, #vFeKEOEMIERRE




BTHEHIELEFTRTLILD0EELLND,
(5) Michel-Toussaint OER
Michel~Toussaint (1977 )R HBARBEENG, Hr7RAQcESTREASYH T ESE
HEE L OKERY, BRFET-t. TOBERTR, BEEIR,

e =V, 4b (12)
TELABR D, AL, VRBEER, bRrOEOETHZ, XKEHELTR,
p=2970¢ {13)

*B7re o', KOEEFRIC 67 5 HY I THE TO—HBREE TS Do HARBREES b —8
By RO OHEI3.9TH 5. BL, KB SZHT, EFIZ-10CTHbo Croasdale
(1977 ) OERELIC—FL, BEFI0*~108 ' CHEAMB7600kpakE 5T &8
5. THEENGEOBICBETHEDEL0:D, Michel-Toussaintd, BHKEHOF =S
D/ hie X BERSBEEORBCES DL DRBEYRLT WD,

KEHR, BHEY 3ODERCMITELLILNBTE D,
(a) HEHFEIR

£

0.32
£ -

p=2.97mk00(—) 11038 ' e X107 8 (14)

4]

m=1:!flat indenter

k= 1.0 A4S (EMRTFTES )N
k = 0.6 [ ERERE
0,= 7000kpa at -10T
o= 5X107% 87
(b} BRHEE
£

-0.126 ) _
p=287mk%(—) 7 5x10°* 8- CeC107287 (19)

o

k= 025  EEER
Z D faiz [T
() BatEfms:
p=3mks, ;e>107%2§"1 (16)
k = 0.3 : BT
L D RS T O— RN

Michel-Toussaint DERMBE L L, B AXEREEESEMCH SR, BHEFRELTIOD
BEXHEILERIV, —fc, KOBHIEERLBNE], BBIBRENTHEIZLAEZLHET
B, - 1 0 COKOEHEGHEMEOKENR, EER (SUER) CIIBERLBY—FT D,

KOBER, LBRCBHTd, BECL3MBAHRCL . T-10CEIDTFRTET &R
<, X, LROBRAMKCOWTOD OTHLNE, BRCOWTRERBODXKEARZHLD
EIUESXBLELLR S,

EERR, YOG, KB, RUKOBRENSKENERD B EATHRE LEHTHD, EMEY
2LTH, SRERBHCIZ0.5, KA HERLTWABALR LOXBRERE oY E LT
i '

BEHBOREFROXOBESFRBCELTWE S REOERCLVWESR, XKEHARERESD
CRARLZEHTHTHL S,

(6) KEHRARDHE



Neil(1976) REMESHCHT IXKENREAOLEE - BM* T k. TOERY#33.1E
g
C{BL, £ Q0) X)) CTREMENT 05, m=09&L7%. X, S (F0k) BiEHe
LCit, ®b=3m, KEh=1m, BEOBEHEL TR =30m, h=1meRELEZ, BH
(10) 12,
p= 0599, i narrow structure
p=10460, wide structure
&5, X, 9,=7000kpa(-10T), 3,000kpa (-1.5C) &7 5,
M, Michel-Toussaint DX TH, EMEMNY 0.6 (EHME), 0.3 (REER) L LTV,
£3131 06060 ik, BEOEHI— F (guidelines) &5, BERNREBRARLVES
THDHZE, BHo— R, BKBOL STHBMNKBROMA-HECHE T TeHdoLixlTh
Be
() BrasHhioend 5ERKED
FERTEDLWHREBESC & 5 T, KEVPBHRMCERT 3 HER, BEYOEHMOKORY
BURRRCE SRWIEERE D, COXH, BORVWHEHOBA L VIGRKENIEL RHLE
AbNB, Kry (197 8)R, BWKEHcHTI2BEHOROEELFINCHRNL, Kitticr,
BOLVWREVTRKENOBRELIAEHEC RS L2RLE. COFHR, BATOERATE,
SEOHRBLAETSDH Do

333 MHimzaromEnCc®{KES
2HAOMBYEL B, H3.3.10ERT 50, KEXBRL CHEHTOR M EML e,
ETRETRBCRANIHIENEL, AWCEETIAONGSREYICH . B, KiROBMrExT
i, KLHABLOMOEREL Y THEOESFRO HLMEHIcERT 5, ThbOERRUESY
mohR, XKOERSELTWSATOKERFBEAC T TREHTSILETE S,
KOBERC kv, KOERESRIEAL T, KENH, RUSBEHNIVORFCHAT D, KOBE:
Hie g, ARENREGBENRHKROMIT RS 83 52K #HT 5,
BENOFEBREICHWE SIMBEERWT, KFEOMIF RS ¥T 2 XKENHOEBRIRELT
Ivie BoT, KRR, WEXHEED S HEER, RREEETHTLHTE D, KotiFRiE e
THREHVROEOKRGRIHEL, 3R TOKEER, BKFHHEYM LS cET 2 hnfhr
mby, ML U—Re K& 5,
(1 2®TEmm
BLMEIRER, BEY2RITHTHY, KEHOERS 2 RTENC RS 5BE5THI. B
BEMNY 2 LTHhE, BRAN, KEAH, BEHV EOMICH, AEOAEYa LT,
H = Naina + #Ncos @
I 17

V = Ncosa —sNsina

25 BRI D fE-C

sine + dcosa
H=V+———ii+ (18)
cos @ — 4sind

TH 5B
HIRK, BikficE, tiFE—A Y PMyicX s TEBER b D ETHE, BER
_6M,
op = bh? (19



b, KOMIFEE os e BBATERLDTLHBTED, BL, bRKOROW, hKETH2,
Wit X L0 EMBRERORTCHEREVAERT I RA0RKEIFE— 4~ F M, 13,
Hetenyi(1946)ic ki,

M, = ;:;74 sin(%) (20)
TEXLRZ, AL, FREHEREIT,
19=(K/4EI)% (21)
THb,
K= pPeggb
THDo “TI, O, RADEH, gREANOMEECHD, ERBBE IREE2XKRE—F ¥,
I =bh*12
THDo
(19), (20) T b, HEHVERDNRA,
V=068 ( p';fhs)% (22)

BB, o T, MEDOBAEYD OKENR,

h® Y ind 4+ a a
H/b = 0.6 8 o (p'Eg ) e (23)

cosd— Agind
THbo
W, KxfAEECHEFAILic L 20%RDB. B3.3.1 LiLRT LS5, piEmETKERLE
FakdeETSIHPR,

zZ
P=—— hbp,g (sind + #cosa) (24)
sina

THdDe ZTILZik, KOMEFRSE, p,RKOFECHB. #-1T, HEAHR,

sin® -+ #ecosa
H= (v+Psina)<——-———) + Peosa (25)

cosd — Hsina

THIND, BEYHMEL)OKENH b,
H_ 0.6 8 95 ( P'ghs)y’(fiin“ + ﬂcosa>
b E

cos® — agina

(sina + #cosa) ? sina + 4 cos @
+2hog + (26)

cos @ —augina tana

TRHLHN B, LR 8UC,

! 5

Y
Ci + zhp g Ce {27

txbTrimcas, {HL,
Ci=fi( e, &)
Co= fala, &)
THDo HMC,, C:DHHFAXR3. 3.1 2ILR T
Lok 5k BMRE-R, HBNEOLWREHCHL TR, RYRLFTLIN, BERICHK
LTEORWEEYTH, KIRORER, BEMIDREEAr— Vv TREL, BRKALHTCRD

EHEDZIVR, BEVEADCHETAIES 0I5 2 BB EE T,
2 sEOE:EBOEE

} (28)



1FELT, EE5mOMEYHc, KEIm, BIFKRET 00 kPa O KIEH 43840, EiRE
HEDROREYE3.3.1 3icRT. BnbWEbAIE Y 3, BRlyTaROEER, DEN45
PIECHEL T Do P2, QM55 OBEGTR, KEMD, BEESK=0108B4125
KNm™' 3501, 2=0.5TH450kNm ' e B AT3, X, 9EDH2MEHTHR, KER,
R DR LAERRECLET 2 THEESEC, MEVCHKENRBEC KA TLEL
BB, Wihic# t, KEN AN Takdick, MEVREXTLHEIRD BECROT L
WHFETCH D, Bercha-Danys (1877), RTURalston (197 7)OHTTHRESNcHTI
FESROEEGSIEHIN TV 2.
(B KoBEOEE
KOBER, HERLFCE2NORMNIZBRT<, ROBBHC R RACOLHEE 5L 5,
B3.3.1 4ieRT &S5, 2REHEERC IR EFCEL ARXKoFEH X DORS IV K
2 rdkD, SROKEHCHLTR, XoBBEOZRICL2EBRIZEAAALAV. L,
ZOZER, RVEEHMCHLTRELS TV,
4 KEOEE
HEYETOMEYCERTIXKEACHLCBLIBEARBEFRKETH S, MElir2ReHE
BTH, BKESFbreaking it
Fbreaking ~
THY, FHFEAFride-upic20 T,
Fride-up ~ h
THD, KEKBO—R¥R3.3.1 5ERT, BL, TOKER, EOEVEEYCHLTREYL
REZDN, EORWEEHCONTIR, EHFERSEFKEA L DN T LRBALLTED,
2 REESOARICIRJ/AEES 5o
(5) 3XFTEEN
KOBMBHEHORY — v ORGSR, 3RTHMBEVBLEL LS, X, ARBTOLS
CANEYAT R TR, KA REEYRACRENSIERC(RUED, AEHRLENYT
HYHYELBMNENSS. WThicLTd, IRTHER, EORVWRENH SERRBICLL X
BLohERTHILDLELZLOBRBETH 5o
KB AR RD Bicdiciz, HHROBBM TS, WMUEXBEOFHL WS MEYRS 2B H 5,
Nevel (197 2)H, FROBROMBELRML T, XEFHFERL M.
MM HROBEMCOKESIERT S BAYER 5. KENR, A%ORTcfHBRAZA -
(radial ecracks )EXKEICAEL, BROKRE2ERTO it 2b0eHET S (H3.3. 15)0‘
Nevel i hhiZ, BRXFXERT DO,

hl-zﬁ

6P
by ?h?
TEXbh 5, PR, BRKFOKMcE< KA, o RKOBIFRETHY, KEh, HEOER
T 5 ERRKE e B OBREa, BRKRDOELTH L. BRKFCHE RRIEx & THE,
b= b, x
THi, X, LRBHERAXC

. ER®* |4
12 pg
TEH D

Bercha-Danys (1975 )12, Nevel OFERYHAL T, MR IKENOHRIKESERD

= 1.0 Fﬂ 0.5 Fﬂs 29
= 1.05+2.00(5]+0.50 (5 (29)




oo KBTOMMEEEN183m(601t), KF0I1m( 31t )DBACONTOHRHAYE
331 7R773.3.1 8125 To Bercha-Danys i2, KogifgiSic T 5 FBISHOEE YR
L, ORD0H 5, SEOHEHT, TOEERELS, KEAEBATIZLARLE,
Ralston (1977) K, MERMEHICHL THEERYEAL, RXOL3TERYBT,
H=AJA M+ 4, 0, ghD*+ As Pogh (D*-Dyff) (30)
V=B H+B; p_gh (D?- Dy?) (31)
ZZie, DoRMHEESOTRRER, DRAKBLOEETH S, X, A/%R,
A= 1, {p, gD/ ¢h)
Ax= f; (p,gD?/ oh)
Ag= Ty la, 2#)
A=1fy (a, &»)
Bi=fs (2, a)
Bo= fq (2, &)
AHEMTHD. ThOOFHYE3I 3.1 9ici T
Ralston DERTHE, MKRUFENFRSOKENAERENTNE. GOADBEEOD 2 HHH
KEEschH), BIFEF LFEAYRDT. BORVAEYAC LTI, Ralston OEMICLh
H, EEFRARMKERMHELTNEL, X, BHEWE4R, T HFESNSKENDIHRD
DOBSEEDD T LHH D, (H3.3.20R03.321)
{6) szERRER
BREBRBERRLTS, ArctecHOKBCTbRZ 45O RABICOWTOER (197 04F),
Afanasev-Dolgopolov-ShvaishteinDEBR (197 1 )E55H 5. Arctec TOERI,
Edwards-Croasdale (197 6)i X o THEZINRTHAES, HEEHEL 00 cm 2T, KE7em
FCOERLAL>TVSe Afanasev SOHE TR, MEEZE28 cmET, KE3LSem ETOE

-

BRENAREIN TS,
Edwards-Croasdale A RDPAERAR, ROBYTH 5.
H= 1.6 ¢h?+ 6.0 pgDh? (32)

@ =45 , a=10.05
EH 1 B, FHARKRATHY, F2ARRKAOEBCECE( ice clearing
component ) T&H Do
Afanasev i, RHPETHRO MR A< KB

H= oh®S,tanx./1.93 £ (33)
PRIEBLA, TS HMAMRBR ( circumferential crack ) DEIT,
T
Sg= 176 (r +4—L) (34)
ThHHo XrBAEDKB L ice level ) DER, LRFHEREIT
L= {_—Ehs—} H (35)
12Pg(1-+*)

TH5, ERYoung ®, v PoissonlThD.

fESME ( inclined pier JIZ@< KEMCDOWTREENLAELD, Neill (1976) OF
BRSNS, COZBRTR, pier BBELIY 2 3°HHL, KE0.7 5 mOKiRI L TRA
78 8kNm™" OXEHYTRERL T35,

Calgary OEA ZBRAMTOABERRII k5 EBMRobbins B (1975 )% % Croasdale



(19771t THBONRTVE, KBEEZR31m (10t )04 °HEYAN, XFE0.6m
{21t) ¥ TOKKRDCERITOR OB BRCOVTRESEHLEEARINTWIV,
Tryde (1975, 1977)R, BWEROD pier AT EXKEHOHH Z2TY, ZBK

H=Cpo,hD (36)
¥RELTL. CCit, o0, RKOFEREETHY, CrRBERHFEK( reduction coefficient) T
Cp= 52¢%ChH '
C=2016 B C,/ C.C} (37
PUlsin
TH 5. HL, KOMFEEY of TR,
e =o04/0,
tHY, ERYoung®, pRKOEE, U, RKOB®HEFT, C,, C2, Cs B, ThEh
tana
Ci=1-4 sin#
Ca= & + :‘:; (38)

h C
Cy= 6{"5‘ cos F +C—;}

THd. 2 /REOEA, « REOEHA, + REBRENTH .
Tryde B, —&Hci
Cr= 0.1~0.3

THBTEEFELES, Thi, KEOHIFERECE KEHNS, ER~—2D10~30%:75
TERBET S, Tryde DERATH, XORLFI ML TRERIRTWIINY, REROE(
Tt s TKEARMTY BELZFE T Licik Do Tryde D KB AR, MRS ( conical
tower HE L T, HENCREETEIV.
(M KENRADOHBE

(8) $EOBWWREW( narrow structures )

Neill(1976)1, EE3.05m(10£ft)Dconical tower ¥H & LTOKEHRER
DHBHT oo Neil IDHBIEBY X ORICRIAINLHOYMATES I2KLTRT. ThHOD
HRYRDLHALM, BAORABKENEZREHEELTWDIT L85,

Neill DERTH, BEAYZRLELORS TN THWEWS, Bercha®Ralston @R
CEw»wTa=02L7eLTd, BerchaZtfRalston ORRRBEMO 4 HA L D R&IKER
%5% T, BerchaRtFRalston 3B TR, KFOFWRBEVOR) CRAMBCRET 2
LOELTWENE, KENDLEYEL58DLELDILOTE D, KIROWBEH R Rk
LAWBAR, YROT 2ANEKENREL TS,

Edwards-Croasdale D EBRERH 6D HEH R, Bercha R Ralston OXKEABEER Y
BA—v~aicdHl), Berche BU'Ralston ORAOE NG FRIb0LELLN D,

Bk 2 RTEBRTR, KEAORKRSHE #E3h s Lichan, i, REHOE
PAEORYEI L TRNIWEDHTH D, DIRGAHORZ L HEAYOIBEL OB L 5T 2
RTERC L AKENEFEETh, 2RTBRIC L 5B, Bercha v Edwards-
Croasdale DIEEIZ ¥ —BT 5, MIRBBORIR, L% (35) AOBRES & Thi rL?
THbe

R, $£3.3.2056B60% L5, conical tower LERATHRKEHR, KABORKY T
b, EE305m (101t )dAEcHm ABMNLERMCELRTEMCES, HORWMgE




ROBEYTR, T HFEARBKESMCEL TAIHL I & 55,

EiRti, Ralston, Bercha-Danys, & 5\WR{EE 2 RERST & OL AR Y A
ZOr#ENLEBbNh 3,

(b} E#E1 8.3 mOMA$CHT SKEI ( Bercha )

B 1 8.3 mOELAScHT 2 KENHEFAYE3.3.31c7 T T, Bercha-Danys
(1975 )DHB - tBEHDITRBREDIDTH 5.

Ralston OHEXiX, COBAICIBIARLKEHLYEZ 58, BIKEK S Bercha-Danys
OECIEYE LV, /%3 IITEHELC R, ELFRA ( ice ride-up or clearing
force) BB DKRALN L, TVBL L THBo 2RTERTRELFRA B ERSME
Miz®H 545, RalstonkifEdwards—-Croasdale DH#FTIR, REFEARALF1000kN &
5. BEHMOBHEIOBEER K& kS5, REFESYEETHIZLRTEL V.

(¢) #BILVWHEYI( wide sloping structure )

15236 0 mDBEYNC T 2 KENHERALEI. 3. 41CFRTo

2% 5cBEH L Ralston DHERC L HEERR, 2KENCOWTR I (-T2, 2RTER
TREKESHES BRbh 5,

TOL5EBEMENTIE, BLTFRS (ice ride-up or clearing force ) ®ET3
TERTERWV. L, BhKoARc Wk, BECERARNEANVBLETH 5. —&
€, BELFEAONECR, BEYHESHRKAT2TEbh20L T Tw588, R,
BKA REEHNORDTHTL S @it 2R TR, HE%MORTICHR ( rubble )
T Ho ZOFKKOHMKR, HEH~OKEHT BRI 5TERENE], CORERRROWMRE
SRS BEXD Do



X |

¥R % |BRE| Scuwarz , FUWI
x O B X ;
ME. AR | 1 | &) |AHRTS, 5
{1 8 W X
F=p-4-nh
p=385xd 332 x1H xgy ----- KB HAT 8L
p=357xaxt xog  --eom- A, ARk EEEETIEAT
C Bffrom)
d A, AEOR (m)
h @k B (em)
oA s A _
a/h<12

BHREB | K R KX

d=025~128D 4 L EEH
v=005~3m/s
fine grained ice sheet

ML - FER POFTRTERITBEDITIHI
p=53a§ﬂ”fm%m %ﬁ—ﬁo%@nﬁxa5§¢sm
R KEHEEZB L) —@BOF
p=357(3F %o EHREER
{(h.m)
@ % ,
kAKFEERNVCRFTIB46IE0EREBIERTED T 5




]

&t % Mo |BRE| V.P. AFANAS/EV
K 7 B B K )
HE, A& 2 |# #&| NRC TT-1'108
18t ® R )
p=u k e h -7\K E
m . shape coefficient
k= |52 +1 (2>1) FHo=10, A¥n=09
k=4 4 _ g a '
h 04 S'E'S 0.1 T2
K = 25 %=1 linear interpolation
ﬁmm&‘
B H R ¢
# 1s%ssuow1%&&ﬁw,k@ﬁ%ﬁ&@b5o

DA OBHEIICDVTIE PrandtlOMEZGA L & blunt wedge OEF
Egﬁgﬁ‘E’%_ﬁo

e - HES




-

¥ & | A \BREE| &E, 2& kXD
Mg, A& 3 |H4 #| POAC 1977

X 7 E WX

B O X

[}
=¢-Jd-h-og C . shape factor (ﬂAJ

A
e tmil oy

c=50 68 45

d: 4 rD@E (=)
og | KO—WERRE (o)

# M & H

¥R mBR, @Akt o v (S=32~33%) RUFFIK

e=¥L  fgE B B 3 5 7 10 15
AE M 5 5 7. 10, 15 =
i wAE 28 48..70. 98, 141 s (wedge shaped pile)
Peretration velocity>0.1a/s O ®HETIE Ice Force iz A KA
Field test i THEEE 20,50, 80mm¢ , KE 19<h<AS HREF—ICTHEFRA

B - BER




Rt 2 A |REE| RFREDERKING & L-W.GopLp
# 7 B OB R
/M B 4 | #]| POAC 1971
i ' X K(T) . temperature correction fimction
. . L{f) . gecmetry function
P =R 7 (—3nea 5} BT
' QA AEE OHMNEE
. . , kD ag DB (a I HEREE)
and temperature condition ¢ AREE '
o - BMBIEAHEE
F U, a h i KRE
A N (E) 2 i ¥
A #E A

(EE) 1 AENECKRIES
2 BBE- FHERE-HERRRCHEL

X R

M & DHEARIC X 3 KEOHHREL FEEOBHBKIC TR, KORBREZKO
v4 TECBELTREOMNE LTERRCED S,

- HE - FES

1. KOBEATF £A=9HPE, WINLERPNCEDIVLEHILOEAEE

2 BT A—9DKIT~OEBEETEBENCRICIETH

3. KOHBEOHBEFEDD S, HREFOAZERL T DI HFUKEE & HICRKE
KREL(RD, BBCIEHEE S=0003 1/sBETKDBERIBAERTA#E _

BT &,
] 4 ' _7/ —
D= —— [P apdt-3ar  we)= s T(us0) " a0 I l
Tp—Ts 'q‘s R™T Ty -7 . . T R
S ol
¢ Q - apparent activation energy ny :J:
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COMPARISON OF COMPUTED BOUNDS FOR
INDENTATION PRESSURE WITH TEST DATA

FOR COLUMNAR ICE (RALSTON (1978))

— rubble field failures initially in a form of
double-sided shear followed by the forma-
-tion of a3 rubble pile in front of the struec-
ture and subsequent flow of ice around the
structure.

3. Multiyear Ridges. A potential failure mode
for multiyear ridges is- bendmg in the vertical
plane.

4.3.1d Ice Crushing Loade. The horizontal -force
exerted by ice crushing against a.structure may be
calculated as:

F =11,C,Dt (4-1)
where F = horizontal ice foree;
[ = indentation factor;.
e = con&tfﬂct&r
C, = unconﬁned compresswe stnength of
the tee;
D = diameter or width of the structure at
the region of ice contacty '
t = ice thickness.

1. Indentation Fnctor The indentation fac-
tor, I, depends on:

— crystallog'raphlc structore of the ice;

— multiaxial strength of the i ice;
— strain rate of the ice;and

— geometry of the interaction between the ice
and the structure.

The strain rate ¢ for the ice is & function of the
ice approach velocity, v and the structure
dimension, D. Exxon (1979) used the following
relationship for-the case of a gravel istand in
shallow water in tire- Beaufort Sea: - -

e= Y _ ' ' (4-2)

- Ru=[A,oft! +A;pugtD1+ Ay pugtr(DE- Dy?)]A.

Indentation factors have been developed from
plasticity analysis by assuming ductile behav-
ior of the ice. (AOGA Project ¥31 (1975) and
Ralston (1978)). Laboratory data analyzed in
these studies have verified factors derived
from plasticity analyses in which measured
indentation pressures divided by ecalculated
indentation factors agree with ice strength
data over a range of strain rates. Figure 4.3
gives examples of indentation factors for
laboratory-grown columnar fresh water ice.
These curves have also been used for columnar
saline ice. For granular sea ice. Exxon (1979)
used an indentation factor of 1.2 for a large
structure/sheet ice thickness ratio.

2. Contact Factor. The contact factor, f:'
depends on:

~~ ice movement rate;
— local geometric effects; and
— active defensive mechanisms.

Peyton's (1968) analysis of ice forces oan Cook
Inlet structures suggests a maximum value of
0.55 for the product of I x.{,.. Assuming an
identation factor of 1.2, the calculated contact
factor of 0.45 appears to be consistent with the
relatively continuous ice movements and non-
frozen-in conditions of Cook Inlet and falls
within the range of contact factors presented
by Michel (1977).

4.3.1e Sheet Ice Bending Loads. For sloping-sided
structures, sheet ice moving against a structure may
fail in bending.

A limit ansalysis solution for sheet ice bending fail-
ure agsinst & conical structure (see Fig. 4.4) has
been developed by Ralston (1979). The solution.
includes force components for ice breaking and ice
ride-up on the structure. Forces may be caleulated
a8 )

{4-3)

Ry = By Ry + B, ptp (D* - Dit) (4-4)

where Ry = horizontal force on the cone;.

Ry = vertical force on the cones
P & = unit weight of waters
4. = ice-structure friction coefficient;
o = sheet ice bending strength;
t = ice sheet thickneas:
tgp = iceride-up thickhm
D= waterline diameter of the cone;
* D = top diameterof oone.. lnd

a-= coné angle. as mmured frorn the

—-99 —
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- CONE STRUCTURE GEOMETRY

The dimensionless coefficients A;. A,, A;. A,
B.. and B, are given in Fig. 4.5a and 4.5b.

Under certain circumstances, such as very
wide structures or steep angles, the use of
Eqgs. 4-3.and 4-4 may not be appropriate and
alternate force prediction methods may be
necessary, For example. APOA Project #87
{1975) presents an elastic solution for sheet'ice
bending. Mode! studies such as APOA Project
#77.{1975) may be used to evaluate ice loading.

When using elastic theory, the use of corree-_

- tive -factors, which may- be developed from
model studies, should be considered to account
for interactive forces or plastic action.

£.3.1f Sheet Ice Buckling Loads. When the ice
thickneas is small, the ice sheet may. buckle rather
than crush or bend Elastic solutions for buckling
loads may be obtained from Sodhi (1977, 1979) and
Wang (1978)-

" 431g First-Year: Rldge Loads. Loids from first- .

year ridges may develop either from crushing or

shearing - a3 ‘discussed ' by Croasdale (1978). The
crushing strength of ice rubble_is assumed ‘to be
eotisiderably - jower than the crushing strength of
individual ice pieces makmg up the ruhble.

“The .ahur strength of ice rnhble appears to be a
funetion of the cohesion between ice rubble pieces

- and the degree of confinement of the'shear plane, a8
concluded from model tests reported -by Prodanovic
{1979). These tests showed that the model ice rubble
behaves like a granular material. Measured values

for the angle of internal {friction of approximately 50
degrees - were cbtained and a full-scale cohesive
utnngth was inferred to be from & to 10 psi, depend-
ing on the amng-ement and size of the ice pieces in
a ndge.

If ‘partial consolidation of the ice.rubble is antici-
_pated, i.e., refreezing of the ice rubble pieces near
the zone of contact with the sea water, the refrozen

zone may be treated ns a solid ice sheet with s.
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1CE FORCE COEFFICIENTS FOR PLASTIC
ANALYSIS (RALSTON (1979))

thickness that is equivalent to that of the frozen
zone. Loads from partially consolidated ridges may
then be ealculated as the combination of a sheet ice
force, {rom failure of the sheet ice either in crushing
ot beiding, and the force -anticipated to shear or
crush the ice rubble taking into account the respec-
tive stiffness of the ice sheet apd the rubble. In com-
bining the force components, it should be kept in
mind that the peak values for the individual force
components may not occur s:multaneously

4.3. lh First Year Rubble Field Loads. Rubble
fields. have mechanical properties similar to first-
year ridges, except that their lateral extent exceeds
the finite width of the ridge. It is snticipated that,
due-to the size of a rubble field, rubble shear failure,
as introdoced by Croasdale (1978)-may not be likely,
but that instead, loads will develop from ice. rubble
crushing when making contact with the structure. -

4.3.11 Multiyear Ridge Loads. Multiyear ridges
may either fail by crushing, bending, or shearing

-against the structure or may come to rest st the

structure without failing due to an insufficient driv-
ing’ force. .The preferred mode.of multiyear ridge
failure is bending, since this may result in the low-

- est Joad from such B ridge. Published solutions, such

as Croagdale (1978), rely on elastic. analysis, which
may lead to unreslistic results due to the lack of

. interactive ~forces, _failure to :consider the three-

dimensional ‘failure of the attached ice sheet, and
possible -plastic: action. ‘Model tests, such as. AOGA
Project #561.(1980), have. been performed to zasess
ridge bending failure forees experimentally. AOGA
Project #96 (1979) contains results of both elastic
and plastic analyses and compares them with sev-
ersl sets of model test data.

In detenmmng ridge forca. the- geometry ice prop-

erties, velocity. and orientation of the ridge should
be considered, along- with the environmental force
available to drive the ridge against the structure.
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where

R = resultant force on structure perperdicular to l
the surface.

m = shape and contact coefficient.

n = slope coefficient taken as cos A for Ricos? A for Hicos A sin A for ViA is a
slope angle with vertical.

H apd V = horizontal and vertical components of R.

b = projectsd width of the structure, equivalent to the diameter for the circular
shape.

h = effective thickness of ice sheet.

qc = effective compressive strength of ice.

¥i=mm- , k2=nn; ( FREE Dgnys)

#A®BE | (%) Crushing Type Failure
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#3.3.1 KEDHRNO K ®

(vertical piles & piers)

Source Range of Pressures
Specified or Implied
) kPa

Korzhavin 1962: USSR rivers,
spring break-up 490 - 1860

AASHO and CSA (old), Highway

bridge codes 2760 (400 psi)

New CSA Code S-6 (1974), Highway Bridges 690 - 2760

USSR Code SN 76-66: River Structures 295 - 1320

L
}

L Canada Ministry of Transport - Navigation

 Lightpiers, St. Lawrence 965 - 1210

Canada Dept. of Public Works - Wharf Piles 1380 - 1720
_ i .
Wedge Formula 3 m dia structure ! 1755 (250 psi)
(warm ice -1.59C) |30 m dia structure 1390 (200 psi)
Michel and Toussaint| Ductile ) 4811 (690 psi)
(warm ice -1.5°C) Brittle | 1620 (230 psi)
o 3m dia structure . 3860 (554psi)
Tryde (-1.5°C)  Rop dia structure 2580  (370psi)
Wedge Formula 3 m dia structure 4095 535 psi)
(cold ice -109C) 30 m dia structure 3244 {E‘Jso psi)
Michel and Toussaint| _ Ductile | 11226 (1600 psi)
(cold ice -109C) Brittle 4050 (580 psi)
3m dia structure | 6070 (1300psi)
Tryde (-10°C) B0m diz structure 5990  (859psi)
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#3.3.2. KEDERXO K &
(AEHN; conical

ASSUMPTIONS: D=10ft. (3.05), t=3ft.(0.91m),

Freeboard= 5ft. (1.53m)

a=150psi (1050kPa)
v=0.33, E=1x106psi (7 x106kPa), a = 45°

Source of Formula Breaking Ride-Up Total
Force Force Force
(kN) {(kN) (kN)

(1} Afanasev etal (1871) 694 - 694
(2) Dany’'s Procedure as Reported 249 126 375

by Neill (1976)
(3) USSR Code SN 756-66 {Appendix 2) 543 - 543
(4) Korzhavin's Formula 463 - 463
(5) Bercha and Dany's (1975) |,=0 954 - 954

u=0.15 11335 - 1335
(6) Ralston u=0 1400 22 1422
u=0.15 | 1964 30 1994

(7) Edward's and Croasdale 1384 150 1534
(8) Simple 2-D Theory (u=0.15) 84 70 154
(9) Simple 2-D Theory

Adjusted {u=0.15) {1200 70 1270
(10) Tryde E= 7x10% kPa | 485 - 485

(sloping wedge)

E= 2x105 kPa | 1200 - 1200

Crushing Force .
p = 400 psi {2800kPa} 3836 - 3886
k = 0.5
Crushing Force
E = gog psi (3200kPa) 5829 - r 5829
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#3.3.3 KENDER oo B

(Bercha, 183m dia conical tower )

ASSUMPTIONS: D=60ft. (18.3m), t=3ft. (0.9Im}, o=100 psi (700kPa)
v=0.33, E=1x10%psi (7 x108kPa), o = 45°
u=0.15, freeboard = 20 ft (6.1 m)

Breaking Ride-Up Total
Force Force Force
(kN) {kN) (kN)

! Bercha and Dany's (19?5)' 1558 - 1558
Ralston (1977) 1964 1196 3160
Simple 2-D Theory 355 1896 2251
Simple 2-D Theory 845 1896 2741
(Adjusted)

Afanasev £t Al (1971) m T m

{Edwards and Croasdale (1977} 922 300 1822
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#3.3.4

X E HE A ok &

(KFH; wide conical

structure)

ASSUMPTIONS: D=60m, o=700kPa, E=7x108kPa, o = 450
u=0.15, freeboard = 10m, t=0.5, 1.0, 2.0m

I
t i Breaking Ride-Up Total
Force Force Force
(m) “{kN) (kN) (kN)
Ralston (1877) 0.5 1574 4385 5959
Simple 2-D Theory 0.5 - 559 5625 6184
Raiston (1977) 1.0 4822 8770 13592
. |Simple 2-D Theory 1.0 1330 11250 12580
Raiston (1977) 2.0 14855 17540 32395
Simple 2-0 Theory 2.0 3162 22500 25662

#%£3.3.5

KEBROKET ( BignlE L REREOHE)

ar ITKIDSNIB-Z Es= E:IDgM-n-Z

D b t Ridge 1 ¥ Exp. | ¥ Theory | H Exp.| H Theory
Length pe0. Y | p=0.
(o) | {m) {a) (a} [ (n}| () () () | (ma} | ()
12.5 5.9 i 120 42 B.46 2.4 |14.46 4.2 6.3
12,1 11.3 5.8 120 &7 17.20 22.01|27.70 ar. 2 40,8
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3.3.1

N

F¥F(flat indenter)

SOLUTION 1 SOLUTION [

X332 o] F B

PLANE STRAIN

m————— ROUGH
UPPER-BOURD
UPPER BOUMD SHOTH
LONER BOUND
1 1 L L 1
o 1 2 3 4 5
a/h

333 B = =
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WEDGES OF 1CE
PUSHED QUT IS TRIKC TWRE

FAILURE PLANES ARE abc, def, abef,
bij, heg, iveh
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STRUCTURE  d
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FORCE ACTENG ON [CE

FORCE ON $TRUCTURE

M3.3.10 HFE~DKEOER B43.3.11 FE~OKEORE LW
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SIMPLE 2-0D THEORY

LENGTH OF TRANSVERSE CRACK
EQUAL TO WIDTH OF STRUCTURE

CRACK

3-0 THEORY -

LENGTH OF CIRCUMFERENTIAL
CRACK GREATER THAN
WIDTH OF STRUCTURE
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T ICE THICKNESS o

€3320 AKFEH (narrow structure, Ralstion)

ICE THICKNESS ..

B3321 KFH(wide structure, Ralston)
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3.3.8 KBRMRBAMIC KT DMESOME R
(h B, =B

M MRSHEECERT HRENC 2V TE, Bclle n%R, BRHELAGbR, 0O KBENRE
B ERTVD, fEoT, ZZTHREKARIN TV HIERERCKENEER Y FET LY
TUBELEBNT — s 0RGE L EROERC BV THRA MR TV RVWEBS K DAY BV THR
IV, fERC, BEHEIATC2USHE OKENEROMPE T — 2285 ¥ BME L,

e, MAENTIRRKERERBRAKEIC ) 5ER T, REMOMKETHRIEBRMNTETS Y,
IORCERLEEEYTo,

(2) HEAHES

HEERNL, EE 19 6mD A7 YV AMAE, RUSK30°(KABEEE 29 Om) OMEER
Thb, 8L, MHEEIRAOY A5 v BMETCo -5 4 > 7/ LBEEITS %,

BEHEIWT 05 » 2 ¥ BEEFLBS(0.5m,/ s~150m/ s ) BRESETHD 345 0Et
WY BT, —BKR( level ice ) FRERTHE IR T, BRICH > DRENEHTIL
Too ERIlm, s ~100m/ s¥duic, EELLT200m/ s, 30 0mm/ s TONXEHE
HSEML L2, ¥, RETORRL, HEEBEYUSIHCEEL, 25 HEYEHET I,

BEORMR T, MEDOBETHPCEBIKENCRETERI BH ATV 52, HEREY
FOFRTEERBERTARC, @ vAlERER L EL T, L2 L, 958, GBEE, 3473
BUEHE L 0 2588 v 27 2 DEHERHITAR VLB LT, BEEUPEDOERVEET
b TOECBELUTERERERYITI LdE, BACRTIHENLELR S,

(3) FEREESE '

HEER X 5KEND peak EO~<27 b+ AR¥E3.3.8.1~3.3.8.4CET, peak {EDHE
EoHHAYE3.3.85~3.3.81 5KRT, X, 30 FMERIK X 5KENMEEDHERI3.8.161T,
MEEic X 5RBE: OHBYF3.3.1 TRET,

4 % =

AR OBKORES, BEDK L > THRINREHKE LOTERFEL, EHRMoER T,
Hige 7 AR ko BRIV Rk E — FARRT S, i, ERREORAK, HIHHERTIE,
BEAREAKAOTECL-T, EH—F, thJER=—F, BRz—- it AdeTtopn
=— FARbR, ERE— FRUCHATER - ML, TECLEL JFHRTLER L 5, KEAL,
ChoDBBE—FILE > TEL(EETS, AR S BEAM 2 2TH, MEOBEBOHMEK L
FEOAER L, M1 0ECS, ERLATESEL ohHNEE I ET RS L5, F
FHZOCEBE,IG, KOBBRMS - h, ARSHESECATEL BE I, BRI,
blunt 7cfAE TORBRAA L BB 5,

M#EFDOK ORI, BROLS st EBTHL LY, Mk e BEMLOTEHEI LS b0 D,
B & R OBRE~ FIFRBEHCR—FEL T3, LirL, TOBEOMMTYH, Rkl
LEHEOTHBR LY, M th ) ORKOREMESREbRD Z EBDL T\,

AL, BICPFESRKERNRZS T {, ko@Fle— FOZELOBESYERTHLELL LS
L, A&, mgePhes T, KEOMEHSE ( incipient indentation, incipient
fracture) IEOKENpeak HICSH, MEHL WKL L OTHELEETLI L DOEBH LD,
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WEFHR L CHROKEND, MEESSO 1,72 T30k ek lE@RS 5, X, —BkR T {,
pressure ridges WiXELREEDKEELSS onBEICIL, FokF Ll s oF &0
Ag 3 VBN T, KENC A FTEACERGRELh D BEREDL S,

WA L BREOHBCEBEN bR ABREKE, KEHL LT, ~2 + rHHEH, BEN
SEr b, H3.3.8.1%5, BEMOMESEONF, Dpeakiit * OEMC K >EAFED
HF, ¥HAROERLLLOTH ), B3.3.8.30#K, F, OpeakMOF, ¥REMoi D
<, F, OEOPILBBETIHRL LD, Cho0~7 b vEOGREETLOH3.3.8.4
Thb, HE LMD E OBHEEOMM LIS 2 - RRFACEMLL, { Fy ) meximum
PR s, 4, Ry LT, #uortbmic s® MELBe0alBafiEL T
b5, 5 OEFCIE, BEILEE <2 o CRRA EIKE - FOER Rohg v, RE®, 2
ey, KROEMRKEMEYEL, KENMETTr—HT, coksic, EHXHEONHOBIS
aEimL, (F)max/(F,) maxEXNERB4DEELLNR S,

[3.3.8.5~3.3.8.1 743, VEHEBLE OKkEIpeak HEOFEFMN TH DD, HPOER
13, BEO»Rayleigh SR RLILIDOTHD,

chon@oREE, BIOKENPEMKENLRETHRC, TOXFRBEEAMEYA-LT L
YRBTDLiChHD, BYLABEHLED, 4RRLOERTH0O0 L V5B THS I,

KAROMT BB ET HSMETHE, BEO XS, EYRSKKEL CKEAREL CEC, HES
fbdiz O BIL D,

M€ L BMALXKRR T, VEFRORCRY ENOHRLEBETSH 558, FEMBKE~
OMAHEER( incipient indentation)il, }MEONIKALOBEELLEBETHD, 1§
AARBE, BEORRENY LB ToEMRBRMAD 0L L, Hit EMRES RBTIRES
BEOBBEKOERBRE OEEYAILOL LT IR T3 30 TH D, KEDEREEN .
PR EVFEEL T, DEFERHFOKEDI»R VAL, L6 CHEEATVD I,
PAAAOIAMBOES R ELL L,
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No. = CCT-0B03

P.A. = B.8° Vm = 4.8 = ~Emm
m 208 m/s h iB S.

&

-38e

F3.3.8.1 KEH~2 B ( Fy—base)
EXP. No. = CCT-R18-X
P.A. = 2.6° vm = 30,3 mys h = 13.Em
1600

Fx
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B43.3.82

KEHD~Z b a~E ( Fp~bage)
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CIRCULAR CYLTHDER TEST
PEAK VALUES OF [CE FORCE
DIAMETER = 196 mm
PITCH.ANGLE = OF

Yo .t 4B wws

h =106 m
No.OF DATA « 156
DATA LENGTH = 2,50

Fx b Fy PERKS ANALISIS

Fx PEAXS ANALISIS
Fx 2170 4
No.OF DATA = 339
DATA LENGTH= 19.05D



EXP. No. = CCT-@1B-Y

P.A. 0.8 Vm = 33.3m/s h = 13.Bm"
1608
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{ DATA LENGTH = 3.308D
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PERK VRLUES OF ICE FORCE

=

3.3.86 kEDNpeak HBEHA

~ 5 : : : [EG 3
o ; i5f = 865.0 [ KPa J
— SOOGS0 WOUO: SO - Soecoreveedorranens Ho LOF DRTR = 193

W : : : i : i No,OF PERK = 263

T { DATA LENGTH = £.38D
o RTINS NP S A - fereesenenoes s arenens
©

FREQUENCY (

3.3.8.7 KEF peak ASAEE S5
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EXP. No. = CCT-B17 C Fx )

j 88
Y = 18.3 [ram/5]
: : ; i : i H = 8.7 [ am ]
z —~ ........‘E:...........é..........ai...........g...--.----.g.-----.....é P.H. - e.a [ [lEG ]
; o : : ; : : {5f = 872.0 [ kPa ]
= f bl No.OF DATA = 147
o ' i No.OF PERK = 207
P : : DATA LENGTH = 4.330
H T s Wt e R S E ----------- g& .......... ::. .-.....-“.............? ..........
9 P : i ‘
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PERK VALUES OF ICE FORCE

% 3.3.88 KEHpeak [HFmESK

‘vm = 10
i H : ; { H = 8.
.-...-.....E...........;..........'é.....-...-.?.....:-...E'_.....-....é P.R. = 8
= : : ‘ = isf = 872. i
{No.OF DATR = 147 :
iNo.OF PERK = z@7 | i
{ DATA LENGTH = 4,330

1.8 DIAMETER )

FREQUENCY ¢

i Y ' I
5 PEAK VALWUES OF ICE FORCE

e L L T L T Py P}

B13.3.8.9  kEHpeak HIEERH
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: 80 e ! T
: : ivm = 25.2 (mm/S]
: P H = 8.8 [ mm ]
; A esssaeaees ;. .......... : .......... ‘E ...... aesan ‘;...........'E ........... f P.H. - B- [ DEG ]
4 § : {8f = 886.8 ( kKPa 1 -
D e e NoLOF DATA = €9 :
P : : : : : i No.OF PEAK = Z@2 :
T 5 : : : { DATR LENGTH = £.79D :
a [ Feserinanes Jé ................................. destransisa Hesnissanee E........................:. ..........
© A
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PERK VALUES OF ICE FORCE :
33810 KEApeak HHAKSTH
s EXF. No. = CCT-828 ( Fx/SfD ) f
28 H 7 : :
Vm = 23, mmsS] i
H - m ] :

(
¢
{ [EG 3
: i H : : { kPa ]
.......... frresnredarneeeerd b NOLOF DATA = €9

~ | No.OF PEAK = 2z@2
i i DATA LENGTH = £.79D

1.0 DIAMETER )

FREQUENCY (

PERK VALUES OF ICE FORCE

33811 EN peak FHAEITM
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? ; vm = SB.5 [mmvS)

§ E PH = 9.0 € mm ]
~ - B B “IP.A., = 9.0 [ DEG ]
% : : {5 = 929.@ [ KPa )
&5 . e i ..i Mo.OF DRTA = 119
L ! No.OF PERK = 180
T i DATA LENGTH = £.02D
= e e ; e e

1.8
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%) : 1008 [ N J 20080
PERK VALUES OF ICE FORCE
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e esmsasians s senib et O LOF DATA = 118

: : : : i | No.OF PERK = 180 :

| DATA LENGTH = €.62D ;
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-~ i P.R. IEG )
® : : : : : {5f = 949.8 [ KPa 3
= ROPUDU USSR SUUONN S AR i HO.OF DATA = 43
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P T i _[DATA LENGTH = €.17D
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FREQUENCY ( 1.0-Diameter )

FREQUENCY ( 1.0-Diameter )

Circular Cone Test

8 T
o Diameter = 290 mm
o h = 13.6 mm
o VM = 5.1 mm/s
o Of = 52 KPa
e
o
o}
4 I o) 4
o
0
o
o]
o
o
Data length = 2.25D o
No. of data = 16 |
0 25 50
Fx [ N]
H 1
0 0.1 0.2
Fx/0fhD
i }
0 2.0 4.0
Fx/0fH
3.3816 kEFpeak EHESH( cone)
80 T
Comparison with Cylinder
Circular Cylinder D = 196 mm
VM = 5.1 mm/s
h = 8.6 mm
40 Of = 865 KPa
Pitch. angle = 0°
\\\\E?ne
1
0 : 0.5 1.0
Fx/0fhD

(33817

peak values of ice force

KEHpeak EEESHO LR
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(b) WEEEHRFBE KA,
6) #APEmifir R EIRE
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WBAKE L OMOBERHOABT L RESTROAREL ¥, RIRFICEED S 2, HDEXDLOORE
, BRI HEREREL o8, ToRBRRAN €. BEARS LUCERADRERED
FEXTRIZLMBHEhD,

—144—




PROPOSED ROUTE FROM JAPAN TO BEAUFORT SEA
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Dynamic Stability Curve

Va Righting moment

Heeling A Down flooding
‘g moment angle (see Note)
§ 4
“ l Second
c ! intercept
T
1
B 1
|
|
]

Angle of heel
Area (A + B> 14 Area (B + O

Note Downflooding angle is the angle at which water can enter the hull, superstruc-
tures or deck houses through openings which are not capable of being made
weathertight.

3.4.1.3

#*3.4.1.1

SEA AIR ENVIHONMENTAL DATA REACH 3

PROPERTY JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

Air Temperature

- Mean °C -2 -30 -27 ~18 -6 2 4 4 0 -10-17 -25
- Max. °C -2-8 6 0 4 1012 12 8 t-2-4
~ Min, ©°C “42 ~44 42 =32 -20 -6 -2 -2 -6 =24 =32 =40
- % Freq.< 0°C >95 595 >95 >95 >95 30 10 20 60 >95 >95 >95

Precipltation

- 3 Freq. 20 20 20 20 25 20 15 20 25 35 35 25
Wind Speed
- Mean {(Knots) t2 12 10 10 10 10 10 10 12 12 12 10
- 3 Freq. > 34 knots <5 <5 <5 <«§ <5 <5 <5 <5 <5 <5 <5 <5
Viability
- % Freq. < 2 naut.ml. 20 20 15 15 20 20 20 25 20 15 20 15

Wave Helghts
~ Max § Freq. > 3.5 m. Ice lce lce lce lce ice <5 <5 <5 ica lce lce

- Max % ?req. > 6.0 m. ico lce Ice Ice lce lce 0 <5 <5 ice lce ice
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%3412

SEA- AIR ENYVIRONMENTAL DATA REACH 5

j"'lOPERTY JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

, ir Temperature

- == Mean °C -25 -29 -27 -18 -1 | 4 4 0 -10-17 -24
;fuax.°c' ~2-6-6 0 2 8 8 12 8 1-2-4
- Min. °C -42 -44 -42 32 ~20 -6 -2 - 2 -6 <-24 -32 -40

! 8 Freq. < 0°C >95 »95 >95 >95 >95 50 10 20 60 >95 >95 >95

recipltation
% Freq. 25 2520 25 30 20 15 15 25 35 35 25

{
f Wind Speed

- Mean (Knots) 12 10 10 10 10 10 10 10 12 12 14 10
| # Freq. >34 Knots <5 <5 <5 <5 <5 <§ <5 <5 <5~ <5 <5 <5
[ tabiiity

‘-3 Freq. < 2 naut.ml. 20 15<15 15 15 20 20 20 15 15 20 15

'

“wave Heights
I - Max. $ Freq. > 3.5 m. lce lce ice Ice Ice Ice <5 < 5 <5 lce lce ice
- Max, & Freq. > 6.0 m, lce Ice Ice Ice ice ice 0 <5 <5 ice Ice.lce

$23.4.1.3

SEA AIR ENVIRONMENTAL DATA RLACH 8

PROPERTY JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT OV DEC

Air Temperature

- Mean ©C 17-21 <1914 -3 3 1 6 4 -3-i0-17
- Max. OC 2 V-1 2 412 14 12 10 5 2 0
- Min, 9C =34 =37 =34 =21 =15 -4 1 Q0 -2 -13 -24 =32
- % Freq. < 0°C »95 595 95 595 60 25 5 5 10-20 75 >95 >95

Precipitation

- 3 Freq. 25 25 '25 25 25 15 15 20 10 35 35 25
Wind Speed

-Mean (Knots) 12 13 12 12 10 10 14 14 14 18 16 14
- % Freq. > 34 Knots <5 <5 <5 <5 <5 <5 <S5 <S5 <5 <5 <5 <5
Viability

- % Freqg. >.2 naut.mi. 20 15 15 10 10 15 25 20 10 10 20 15

Wave Heights
- Max. $ Freq > 3.5 m. ice ice ice ice lca 0 <5 <5 <5 <5 ice lce

- Max. % Freq > 6.0 m. Ice ice Ice ice Ice 0 0 5 <5 <5 lce lce
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#3.4.1.4

SEA AIR ENVIRONMENTAL DATA REACH 11

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT

FROPERTY 1V DEC
Air Tumperature
- Mean °C -5 -6 -6 -3 2 3 8 9 8 4 0 -3
- tax. °C 4 4 4 6 8 10 12 14 12 10 6 4
- Min. ©C -16 -24 -24 -16 - 8 0 4 6 2 -4 -12 -16
- % Freq. < g°C 60 75 15 60 25 <5 -~ -~ <5 25 5 5
Precipitation
- % Freq. 35 35 30 30 25 15 15 25 15 25 35 40
¥Wing Spced
-Mean (Knots) 20 20 18 15 14 10 12 14 t4 18 18 20
- % Freq > 34 knots 10 10 10 5 5 5 0 5 5 10 10

‘ 10 10 10
Viabllity
-% Freq.c 2 naut.mi 25 25 20 20 20 20 35 30 10 0 1> 20
Wove Heights
-Max % Freq.> 3.5m. 30 30 25 20 10 5 5 5 10 25 30 30
-lax $ Freg.> 6.0m 5 5 5 5 1] 0 5 $ 5 5 5

#%3.4.1.5
SEA AIR ENVIRONMENTAL DATA REACH 13

PROPERTY JAN FEB IMAR  APR MAY JUNE JULY AUG SEPT OCT NOV DEC
Air Temperature
- tean OC +4 3 5 6 8 8 15 20 18 15 5 17
- Max. °C 1313 14 17 v B % 228 28 23 13 7
- Min, °C -4 -5 -2 -1-1. 5 7 13 8 6-1-2
-% Freg. < 0°C 30 37 20 8 0 [ 0 o 0 0 3 2B
Precipitation
- % Freq. 31 30 286 20 17 14 12 12 16 18 B 26
Wing Speed
- Mean (Knots) 22 20 20 18 16 13 12 13 15 19 20 20
- § freq. > 34 knots 12 12 12 7 3 5 5 5 5 10 10 10
Viability
- % Freq. <2 nsut.mi. 5 5 10 7 14 17 25 16 5 5 6 6
wave Heights
- Max % Freq. >3.5m U 39 3% 30 t¢ 10 10 10 10 20 30 30
- Max % Freq. >6.0m 10 7 10 5 5 5 5 5 5 10 6 10
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#£3.4.1.8

# *2 0 8K K N F o - o

® X *® % |max 0 q I o & % | a 3
George G. Sharp Inc Astec Chiet 190 | " n? | {ORE |2V TR/US AT ! :
bl OF & Refuing Co. = — | 74707 2R us s | REM2UM
 Moren Tm'Ttmmmdon g;mMorn 1965 L&:fzy li:%l&; Fian/7xamt Y a~XERH ;Q.l—‘/a:._"j/':é.’,/ o

. New York o« | 1o | 227077 (RO Y sav2~sayy
Glf Coust Transit Co. Tampa | Bt /21 wrs | BELY R R 2amt )y Xy EX. 126G, v34na
Ingram Corp. iﬁnﬁ)lg. In 1971 4;73—9 ﬁ:g;{; H 7 ~EEN t:;:;'//"'(‘fi/-'-n
h ::no%. In w2 | 7 -é_,_g_:j ﬁg}:; u -

Tug Berge System Inc. s wz | BF e ARNElx-svr~73va
Lustevecn(7 4 1 , £7) | cumberinck 1972 M2 otip | TR OILPAPER W2
Litton Great Lake Presque e T HEEYD
= Bk com N TS I Rl - BT
Seabulk Chemical Carrier Tnc. | SCC 3902 s | TIRNE Y7 LR s rmtamm
Caribbean Transport Inc. - 19 [ROLROT =T D | 747 i~k RO/ROZ 37+ M
MeAllister Brothers Inc. - 977 [ 2/ 5P ES L 2 ®
Christian Haalend Nysel 97 | 73 be—v 0000 [ & off shorefr R
Brostrom Group Goliath I 197 | Fo4-Y | 30FV | S., KiH | mER eanm
Wijsmuller Ocean Servast 1976 | ¥Ako-2 120007 | Bk - BM~P.G. 73s+ M
Bulk Food Carriers Ine. | VASH® ¥ rr | BT L kmm, n 17, Au. AR | 1 UEE. TAL. X AM
J BREMAL - e~ FRTT oy | Bk~ e anE
Arctic Transporuation Lud. | Arctic Breaker {17 | ®RoTT 1 | ikmm~T 520 GREXNK
Big Lift # - 1977 | #3V b= 9,500k | BE~P.G. . ARNAS
Lutgens & Reimers - 1978 EKot=T 25000+
Sedco Phillips - 1977 . = off shore
ADMA 775y - 1975 |TaxF=-v.v P.G. | WAERATER
Seaspan Overseas Genmar 103~104 1976 | EMlik—D (14,700} ¥ )
Architug Corp. - 1978 »
Smit Takeee Transport Giant 4 1978 .~ 4,000+ v
Trailer Marine Transport Corp] La Reina 1978 | RO/RO/ ¢~ 640F7 | Zayy~rxatya P =302
EAST(¢voi7) Acb Hawk 977 | 47y By | FOS(737x)~vv7(409) | 37++RO/ROMZ
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342 €/a-r
1) igmE
Arctic Production Monocone ( APM)
#atet Dome Petroleum Ltd.
Chicago Bridge and Iron Co.

BEX# “Arctic Offshore Deepwater Ice Structure Interactions”

1979 OTC 3630
Ba4NX - R3421 BR
BETH®E - 3422 BR
E R X

Super Structure

Steel 37,300 Kips 16900 Tons

Conecrete 24,800 11,200
Piled Base (Excluding Piles)

Steel 26,400 12000

Concrete 9,600 4,400
Pile (Soft Clay Soil)

Steel 70300 31,900
Gravity Base (Without Ballast)

Steel 32,300 14700

Concrete 14300 6,500
Deck (Not Including Equip Weight)

Structural Weight 15000 6,800

Jacking System 500 200
Total Structure Weight (No Equipment)

Gravity Structure 1.2 4,200 56,300

Piled Structure 183900 83400
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A0 —ERRIC LEABREKEES FCOMBSREL 3D, 7 2 BOSRESLEVIRETS
T 5. |
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BRPORAEKIZ41 7+ —F(R3.4.23) TH B2, £1YIFAo—EBRR, BNEK
TH523.47 41—+ (3.4.23) T2, TOEKDBER, R—A_—2}FI7F 5 DRI
OMEICL2HDEL, ZOLDHBERC TV sV y—~y F(RK3.4.2.280) 2 {BL, ~—2
RURA—=R—2} 77 F »—DORFPEIBCTED I 51T 5. Ebic, NMOMEDKEDDOERE
EREYHIILDLET 3. s, ENTIHCELTORKFBCOZOEBEFET 20

A4V P ARa—2KROBIBOLARICEAL, HORBTOTIEHMTEIZTRIMAR
Bz, BHAOHENRI A1 BEARSES5HEL TS0 BEANDL KA ¥ Ao —%TO G
#3400 BTHY, FH3/ » F CHARTAE, TOREEKRHS 0BMERVAT,MLE
AHBORHBIE YRE T 3HEA 5,

6 # i

M3.4.2.3iRLick Sie, A2 MERUCESIREEORECLY, ETEATILDORKE
B3

wic, EHFTFERORY 4 7HCHD - THRAATH 51 vEFAL, R3.4.2.41cRTEMA
TA4HDI VK- P I DBRKREBERDELTY, 272 PEBCIDBERCEDLIL 3.
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M 7y xMfHF
NR=ZRUFRA—=R—2}FIF »— % TEBBEECRRBERT » ¥ TP 5. 7 v *RZVEVIC
ToTHEYD, TRERNRPNRETRS.4.2.5 DEROIMS B 275, 7 » 3 HESLLE,
3425 0ERORETT » ¥ XFEDONEETCIY 27 » I T 5,

DECK INSTALLATION

10 _Tues
[minCH_ON _TOP \
OF DECK

.
|
JACKING TURE CONMECTIONS

l// POSITIONING ﬁf?
N

_

OWLXNES

X :

/ RAISING DECK
DECK COUPLINGCS ARE SECURED,
L N o o et FOR IACKING TUBES ARE COURLED 10
;] T .
1 S DECKX 1S JACKED UP INTO FINAL POSITION

ACCURATE POSITIONING AND TAKE UP LINES ARD SECURED.

X3.4.2.5

343 -V

AP TRATLER T —/ ¥ ( caisson retained island D7 —Y v ) ¥ BEADEMTF CRE
U, #F7DK—7 3 — I BERZTOIERF L TR REAB LT3, CCTRHNTE— Y ViR,
Ty Y HACREINRE O R LT B,

TV v 5 ABEEREYEYEMic, BROBEY 2T LA¥BNTHMMET S LR
THbo TNE T LEIMEXYHEREL CORBEECHEN TRV, LEXNLT, BEREFOHN
KEEFIALTTARS EWSFHROD LicREZED D,

Hiiv— P RUOV—- P LDOKS - BFR - KRILOWTIE, 3.4.1 XBREINI VN,

AETIE, #&Y  ZLHEORMIVEABXIRNORE, RFPOREKEGHRUFERBSEEOR
HETX -7 .

(1) Caisson retained island DEAXEAERD T —J YFEB
X343 1 c24kR¥R3.4.3.2ic—BREBNYRT. COFRR 8T DTHILT —A—-Likcy—
I vET—T eI VERELT8AREDY Y I EHRTEID0TEHED. TOY YT %307 44— +OD
KEDBEICILD, hhific +BEETT. L0 hic, HEBE, BESRK, 2—74 )7+ —BE

L EEREMIT B,

By —Y YOEETHERROBY CH5. (M3.4.3.38M)
BX 1427 4—1+(#843.3m)
®’a 4074+ F(8122m)
THoLE 4374—F(H131m)
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EEoDE 2574—H(8 7.6m)
BE #1500t~
@ ®‘|EHFR
MEFRLLTRAMLTYzy PEFF1D2HRMH S,
@ #BFHRomE
vy P ARTEMTIES
() 1557 w#iT5. (HM3.4.3.4)
(i) 2752%57v 7 )—CYCERETS, (K3.4.35)
i) 4552 %7vET) -y CcHEETS. (3.4.3.6)
V 872 —2Av Iy CHEETS, (H3.43.7)
DABHEOFERD D, LOL, (i), MOoFERFvEIT—EvEHW5d, RBHhOHIICI
B3k, ¥k, (NDOFEREFHECANT B8, NERSES MO DR M
BhbdLLdic, FEBERHOLD, BRODCAREEREHLTTILAFRENS, LK
o T, Vay b FRCIEHECHMTICT 4 —VINVEFRRND 8T DY — Y viBEiELA
RETHEMT 5 HRE T VR Do
FZ74 FRCHRMTHB4, ERATIA—voERELRSTHHRIDBRENTHHZ LI
bhChs. A—vbier—y veEBTIRENLFEELT,
V) 4707 -y vk 1EDA—VicElT 5. (M3.4.3.8)
V) 85Dy —Y vE1EDA—JICEHT S, (X3.4.3.9)
REFSLN D, VMIOFREZEATBiciR, A=Y E~NOBEKLZERTHL LU Lb45mEBED
WA OA— R FERTOINENRE D, CDLSKBEBOLENT » 34— RBAE LWV,
L7 oT, TCTRMDATDT — Y v 15D A— e B#T 5 HRc >V TRET %0
(b) BAUER
(@TRLEML, "2y P ERERATEIRDLE, 87Dy —Y v A—<AY Vv THEL
THEHMTIOHBRIBELL, FIAHRADHE, 4705 -V v 1EDA- e BT 55
BREE LV INLHD 2T —RCODWTHAER X HET 5o
(i) =2 AR
K46 mTHHMTEIDLERET %o
X3.4.3.1 0kexRxTw, ® G027
DM TEREHET 20
POWARAEELL, GOBSTRAREL 300’
REL, D,VOMOUNV—NMLRENB K
EXAWILODC, X0.4, BDCp 1
2.0, 3B, THEONRADHERDOEE
BHHEFEINSDT, (1—w)=
0.8 LIRELX. TORKE, ¥—UJ D4
BEMRE, KoL SkKi 5, X3.4.3.10
R=395V2 (tv)
ZZic V. HHA#EE (m/ s)

386’

(i) F74HR
ST BT 5 % A — U DEETIR,
Ex : 1200m
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w7k
ek B
LIRET %o

30.5m
7.6 m
4.0m
11,500 t

( Bz 6.0m)
(WK E 18000H)

“—VDE%ﬁEK%T5VU—XiZ?%ﬂmbfimﬁﬁm,
R=53V2 (}+v)

Lir%e
() RBEMOLE

Yoo b, FIAMBELS /2 TCHRTI2LERETHL, RHAOFARETHS 7K— |,
F o ¥ A—VDOREIRFED1 BYDORAMBAHIIRE3.4.3.10M< X 5o

%3.4.31 vYzsb, FI4HFROBEELE
v 2 v FAHR F 9 4 F K
ST R—PFREHN 261 ton 70 ton
” HERN 29,000 ps 7,500 ps
BMmsy 7y K -} 14500 psX 2 75600 ps X 1
. . Max.
IO - DW 150000 x 2
B Hm B 8 ./ H 2,80 0FM. 8 2,40 0FH/8

BEMNCI F T4 FROFNBY « » P FRIVEFTERITHD Z LMD, 3bic, Bfidicd
KERE(ATS L LTHEARCRELAWRD & — 4 ¥ FRRR SR ERTS & PRI
hzv.y b FRR, BEORETIRRNEL, Tk, WKERD F71FRCHERTHERCK
EVOT, F74HRERALEZHHERTD %,

LitioT, UTORHRBFIM4HFRRDOWTORTRSZ L LT %,

(3 #IE—F, XA—VORE
(@) #7E—}

BALYN—Y v 7EBEDKDEWEBRTOEME, ~—) v IEIDK-T 1+ — FERER
AEORMETRAE XOBE X R T H DB B -TTHRRY. AZE, ~—Jv7
BEITRBABOERDS /K-  BNEMLTITE, TITHFSBORMKMRLELALS 7 K-
FEERTBE VLR EBELON D, ‘ :

BRIV Y) v BECORMETALS S 7K—1id, BEV— LTHEL S5 & FEIN
BHEW, RPCRTHILTWEF » ¥ A—VOMBERRBVTEIRI— FIVER-THDHD

OTIEIFTNREE B,

=Y v TBEUR—7 — MENENE COBMETAS S /K — Mg, JLBEBRTOEX (
im,ﬁﬂ#%,%&ﬁxbomw)&m*%@mm%ﬁu%a%ﬁo@ﬁré5§@f&whu
72574V Arctic Shipping Pollution Prevention Acticdd &, BEA<%X8H10
B~9H3 0BT TsHA1R, WKMELHELABDTESL LN LR, TS, L
L, ThooHie W THHKEDEELYELTRWEARBETH 5D, Canadian Ice

Class 1 EE*BBLEIOYBRATIONEE LV,
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(Y &=y vrxBERTIcCTLTPREBEES DT Lo
(i) IMO MODU Code® intact stability BE¥HERETHZ Lo
TR TREETBAENRD D0 FMELISLLTWAETY —Y YRA-VOBREZEL &5
TR, ERLELERTOELOBEVAD (U v 27 y 7Y I~ T) HEHEOEHA
TRBRREET I EREVe 7 v ¥ A—VicBL TR, THKMRXELZLOX AV S 4ERT
WehHsH5,
@ BfboMEEESRUERERRE
@QRUQ) TR BHMBESFRODT, BHEELONHK3.4.3.8 R RTHEC LD BHT 51
OA—y DEBRUFERGEELYRN LI,
By—VVictEBTAHR, 7—Y vOEMIBOMER I L URDL. X, MEEEHRZ Y 5
TEYAWTHE LR,
Ry DHEREY X 3.4.3. 2R T,

£3.4.3.2 A—vOEHHERE

£ 2 1200m HkR 11,500t
L] 30.5m KG 9.0m
oK 4.0m GM 145m
FY A 0.0 m s & 50/ 5 b

T—=Y YR TA3RAEE YRS, ThERBHLTTY—Y YBBT 5L TENERDD, 20D
=) VieERTAMEER, vy—J viA—-vRiERAT 5B IMO N ERERWEHIT D
OXRBLBZ LicrVkDdb B, '

COEBAOC I RLEHMT R
7 max
r=1——

g
i, Z max A — o BIREIC 4T B A A AN EEE B ANE
g [ EAMEE
MEFEROCMIEFHOYT — Y Ve AT 5 NEEORKERRD & Sicik B,
'7'=')&ma.x/g — r-n
‘é:=;1.fmax/gv — r -7
czig, G =Y viclERT B MEF AR AIMEE / E S mEE
g o " AL ”
X max : 7 — Y v EOWRE FIEER ANEE
.Y:maxi ” fREH T ”
n ol EEREH
coTRkdh T, EXFRALTEREESHABI<EIBERRD L 5K 5,
F=17 W
zzic, F  EAREENRLIES <EHE
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EREREAEGORY BhoREKESYR 3.4.3.1 1ic, £ — Y yINEEOHTERDIOY
X3.4.3.1 2ic, RkicHEBEFODDOXN3.4.3.1 3RTK1 4iRT,
Hfirv— F P THELEBIEEORREMGY,
Hl/g= 7.5m
T, = 1058
7oL, ToREARBAEDPOLZER, MEERCESEREMLAEL~&NIRE3.4.3.30
E5ehkd, BL, TZTR, F—YveF ¥ A—vBRRNOBRERY0.2, y—Y Y 150DE
B%1,500 Y LRET D, RPBAMEIZ1.1,000BKHFHELRT

#3.4.3.3 REHFPTOER - MER, EREELMI 5X&H

e i3 B B
EB8 E| B XHBE| 8 HE & X4
€ » # (E) 4.4 84 - -

B o— o (E) - - 8.9 17.2
X/ g 0.0 6 0.12 - —
Y/ ¢ - - 0.2 2 0.4 2
Z /g 0.10 0.19 0.09 0.18

7’ // o o
¢ - - 0.0 4 0.2 6
F (t) 60 390

(6 7 —Y vrafinxl k2R
Caisson retained island DY — Y Y2 EHMBELELREL LT, ANVThFsHdD4aT
DAVI Y= T=I VAV T—A=lb, Ty JHO8TOWMBYT — Y Y RELLWEL S
oD T —ARH b MEBLDRT 9 2 A—iLy —Y VERBLTY /K- ' CHEHMTILENS ¥
4 tvoRRERALE.
(8) AWTAFFZHOavYI)I—tT—-V Y
ATDT =Y vk 1EOBARA—viIcEBL, 1981 F7HieAAv 7 —A—LtDHarschel
B(sNVA— AL O Okn) EHiE Lk, £ZT, F—Y i AA—vIUEL, srz—1}
ORBEHAEY - » P ORETHREIL X,
b =y OB v
ARMOBRHOURE LT —Y v TH B, 2O7—) vid3.4.3.8icRT &S, 2HDO%E
KRA=TC AT 5007 —J viES, BHcA—oXBERELT, 19824FE8 AL 9 Aich
BT, KREDE =T 53— P EBOS I b X 7Y I XL

& % x R

(1) J.J A.de Jongfh: Design and Construction of a Caisson Retained Island
Drilling Platform for the Beaufort Sea.OTC 3294
(2) Det Norske Veritas : Rules for Classification of Mobile Offshore Unit. 1981
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First Retained Island
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34.4 -2

BENL~R—) vy rBETcoRMBCBEL TR, A0, BEOA—-vBE EOMESRE KEX WD,
N—) v IEBARTERAE LN E, X, A—vB) FOSETHIREMERNARINI LY, B
DA ENRWE L ENBHt M EEY 523 L LHETILRENRD D,

—F, N= Y rIENILR-T ,— ' EBRENMECO ) F@X TN RETAEIX, R - K% -
0O BRRHPRERRF LA -TL %,

Y, K—7 2 — BRIk, BXZ7HhErS 1 0 B oRiET S L n@bRT
WBDT, oMY WX TILDLBET . LHLIOEMOXETYH, BFd 3 0idE
Bick TR, KOBEMEETE . TWeD, —RBIALZ X550 THKMKLERL EK
ZLORMBAXRH LTI LR,

b, F—7 3 —MBEORA ¥ } Ao—ER, BRENEBEISA<A VAT TCEETED, B
EHFRNORB LT, MROZ AR A—UE Y 7 BERYRET A, BENV— P OKELYER
AN THEHECE KT RD D LERD Do

WMEHRCIR, Wb®BY .y FEEE FIMERO2RANHD, ELLLBIRT IR, BEL
DHEADMCBEREEIEDTRET 2 HRELD 5,

F741BHDEBA, )V I7OREINLELTHMI submergible heavy lifter B3EY & EX
bz, Y 7EBEBTEMSAD float-out THE, HURWEELANERIR, ) YOEMHH
NIRIVBWEA, PLEBNRCLIAT) /2 TAHALTHOEMETS VTR TS HLESNHTL 20

U . v FHRFUCI, towing HR & pusher FRMH %o towing FROBA, Y 7 i3EAEM @RS
REVWOTHERTCEMT 8, BIFXHBRREU YRR TIAC) YORBC 2T Z¥RITD, B
ALY o TREMTOBBICMEITIRI— I IR EHETIZLIELISENRSE S 5,

Pusher FRDHA, towingitHNTEMBENRBVWOT, LROARKZR, LPLBRINS, V7
DOMEHREEIKEEREOEN b DL T 5 HEND .

Pz, TE(EA- 1), 6BEOREMELA—icOMITT, KERVBWRDEFNHL
PEHNTERCEREROATH D0

—F, Fovr—L ) YOELEERR, v—FXRBEYVELIBZN—XU a1 Y P ERTCRVEBDR
B4, Az EOBEORID/ » FRAYLEOHML, KROLASOTHRBHOEDHD +IEML
THRHTHHLEND D, :

UTcuficiBTs32507 4 —vv ) 29741 BREXENT 5.

(BEf-1) EHKEoTZ v b R—-omx

K—T 1 — MHBETRIZWE, EHOKELY A—UVBETHHRBZEETH L Arctee Canada O
Fefrbhi.

COMRIZ, HFFDART 4 YELFEVYEOMCHDETI VARSI —H VY FOLLBEHDANELVED
7Yy FR-FET, REA—UYRHMTHHELYARLLZDOT, 6 BEOSRMY 27 4DNWTE
FNT 2P ETY, 3o BREYE, RETIBKBRBLOMKS 7 (ice worthy tug) ORENB &
"AWPPA ( Arctic Waters Pollution Prevention Act)iRAIXZRML, E£4Dv A7 L0H
B BRI LT 5,

COMETIREL, 6 BEOMEHRNBEH SN, ~—vOkBRCRMTT, K2 REDSETHIR,
BIHENBLL B RIIHBHED bR,

BFV— Ml 5 f2KHIL, open water, small floe (50 0mldP), large floe
(500mPE), large floe & small floe DEAERIU level ice D5 P b 3,
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AROMRE INTBKB, &7 BIUA—VORBRTIROE) TH 50

B oKk # b4 7 Nno— Yy

Lpp m 101.8 349 1480
Bm m 24.4 13.7 427
dm m 9.0 4.3 3.0
H Kk B () 13500 2300 17,000

COKR, HEOBMIATADIBL2ODY AT A, ThHLR3.4.4.10QF T 2HTAR—UY
BEL, FOREYRKBNRTAT— TEVRT AL, BLIO2EDS IBA-URBL, TOREY
BT R 3~ + T2V 2T 4835, KOREED ZLnEHMOEWARI( 7 BMdnrb9 Bk ET)
OREFRELTEYTHALIN, ThbOvaRFALII8 AT, L9 ARDichir Tkt
2~4BP2Mic, E@Er— PERBEFTEZELREINTHS,

X3.4.42icHmfiv—F2RT.

B . Transit Analysis for Delivery of Large Barges to Arctic Destinations

by K. Takekumaf, POAC 81.

N B &=

| @ Bowe {O) Sow (1) Bow (2}

{2) Twin tug tow {3) Twin tug push

! ] O = —
13) Twin tug tow with icebreaker #8cOrt %

LO <
Bow (3} Bow (@) Bow (3}

{6) Twin tug push with icebrester sacort

N3.4.41 HAEOHRLINZ6BOBY U 27 4B LUCHRERR

X3.4.4.2 Hgv—F
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(BH-2) REIK—7 12— MBOREHIA—vERE
Westburne, Foundation#X¢fSedco® 3#id, BAKMIDK—7 » — FBTHMBIZITS arctic
drilling barge DREMEXYRELTWSH, ThicthidE 1207~ BX2507 —bDice -
reinforced drilling barge DHEfi, REBIFHBEOMLYBHELLT, 7,500 BHPR & U
3,000 BHP®D arctic ice-diverting tow-supply boath& 1 EXNETH 5B,
PIFiz, tow-supply boat DEEEZRT,

7,500BHP 7 5 = 3,000BHPZ 9 =
SE 207-0" 160¢-0
B (B 40-0" 36-0
Ra (&) . 17'-0" 15-¢6
743772(..1;.SPPR) Class 2 Cless 1A

% Arctic Shipping Pollution Prevention Regulation

3.4.4.31c tow-supply boatic k5 —vOKERHOBRRY, K3.44.4~5cLEL2ED
tow-supply boat D—BEBR%R7T.
B . Arcetic Drilling Barge Study. by Westburne, Foundation and Sedco.
A.P.O.A.Project 13, June 1971.

(HH-3) Multileg platformdD#gz
R—gRITREVY, Brown & Root A3 A Zmultileg platform @ HATic BET BRI,
~UR) FOBMICHLTOLHTRESZLBEBVWDTUTBNT 50

ZOREMR, VIRLT » AWMEELFECIED, ThbR AT 4 v e, REBRCHHM
T2H0C, AAF4 v IEOFEEKIZ287 1~ b H3.4.4.6BR) dL, £4 v b Ao—F
ED &S RBEWERICENT, EIPKBERENLRMCERERT, ZomKLHERT 2 KESrNTW
BaleRr, 2—22H7— FEDRAR—- R EBF[EYREIAALTCHEKEE6~87 41— E{(T 5,

Bfiicd »TiL, intact condition3sL X damaged conditioniCi} 3 dynamic
stability, BWREBBIOCERFEXHETHLENH S, intact stabilityd100/5F
O R%Y, ¥&, damaged stability TiZ50/ » FOEA%, Th, BHEHER L OMEEORIFT
R337,—IDEFEREEYEL D, CONER, EficitES Xt kAELYMTT2H20EREM4LE L
T ZIANRDONTWBRREE 627 —MCHELT 55, ZoORMHR, EMILRXEEDOGMEHL L
Tk conservative AbDTH 3, BREMICREBRHFREHMNV— PRIV —VvE2ERAL TRDR
Zh S ve RHBOTHWEMOEIZ, Dn VI —NC Y > TiRD D, HECHERALEBABOER,
9.7 58051 4.8 1BORTHS.

HEOKR, EEhBITHEhoBERMRsIL2 18LAD, EEEET I HORMR, 158
KIETH DO THRERBHEDISERFERIT/NE W,

Lo T, e X 2BHERFAEDATSHY, SMDORINTBERERAETH S,

. A Fixed Platform Providing An Integrated Deck on A Multiple Leg Ice

Resistant Substructure.by Raymond M. Kliewer fii, OTC 3886, 1980
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CALGARY ALBISTIA APPEOVHS N

3.4.4.3 EHA—COKEEHTER

poeor bty b = :
) ol tnluirt a2t el S B

E JENERAL ARRANGEMENT | o wim ok
sl I

(CEBREAKING OFFSHORE SUPPLY VESSEL

3444 7,500BHP7P4 X735 % tow-supply boat
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GENERAL ARRANGEMENT

: FOR
ICEBREAKING OFFSHORE SUPPLY VESSEL

X3.4.3.5 3000BHP74 273 X tow-supply boat

- g

T I~

/,,,&:"'—’s‘ i ¢ q= |
T = A >
=N

28 FOOT LN TN _~ FE
DRAFT | e . e

General Arrancement for transoortation,

X 3.4.4.6 Multileg platform®D&nzt

—-171—



4. kS & p)

AEFR, FIEECHME, BEMKLOKR, KREHOIE, APOAXRKEL>HENEHORE,
KEMMEETKIEC 210 2 EEAR, MEMCERTLIKHTEORE 2 ELRELERER 4o

4.1 KiFERE
RROAEBHFCHESE, BE-K—7 3 — MEMICBEMBERE L. TOREMBICH - THE
8 OknDBERHRAET, FEELE—ORMRADN, BKRREOKLY, F .7 FERFR—T
+— FERMicoWT, KE, FHEK ROKERAHEZFCOVWTHELR. TOKR, BEMBLOK
ROKERVKREGECOMBLICET S 2 LN TER, X, KEAHCOWTK, JD. Miller ®
Fisie & B HERITC L OHEEL, RKKOBRRICOWTREERS, X, HKeonwTd, 057k
KBV 2 V= g YELRDEBEDOEHWEY 525 T L0 57
K, €8, KUEBHEERY, BEO—BRIKRERLHBRET5%), Arctic Petroleum
Operators Association FIfT O REHREFLYMAREL, fibet, BEYOKELOBEHF D
WTHEBAREERT - e

4.2 SKEBMMERKECHETLIEREER

L/Bv Y —xXDEBKBOERKR S BMABRER LR L. COKE, BRTR, KhGsHRE
CHED OMENRS D00, KPERSREEMEVWSB A 512, L/ BOME, &)EBCIIHETE
FHROEICR EERSD L, O LRREMNBELREAETHRYHET B4R AN0.4 LppTh
HTERMENBLNCE 5700 X, MESIZ, BHKRADS S\ sea chest DKEED R EDHEAND,
Bt rise of floor MEBELWI LA3H 57,

MERETEOTIRRIZ, %, KREHERP S o ITRKEECL s THEDEDR, a5 m~ORKX
FHRABEY—>DEELELIE, Cov) —XEBEORE TR, |ER0.2 5Lpp THH L BbN s,

KD REc OV TR, b EBNABEORAIENTH Y, ABREECHEITHRCHEDZ <,
SBOMTICFEDE T BB R

Mgt bk, FoF e KEDTHHERTCH LY, BHEBRHBCRITZ2 27 2 PR PVIEHOD
LR VT ADHEND, TuI KR LDOT S — v OBANNRTETH D Z LN ST,

4.3 HEYMICERT 3KFE
BEMCERTAKEER, KRCEEYORRC L S TELLEDY, BELXTE E D pier, #E
%57 % cone @M< KENORELTY, KENMERERXDBRE, HBELT-%. X, RELKIN
TWBKENHEERY, i, REXTSBCERNARC L) LD,
R, KEMMRBKECRNT, D230 D H#RCISEERIC & 2 KGO RBRL TV, KENL
HALBRE Lico KENCDWTIR, FEAHERD, REMCRAKENOHEIC L THEROFE
DR xR LIte

4.4 T O #
B/dv Y —xktmidship ¥ ) — X OWTRERMYMIEL, FEKPTOERETY, HER
FhTh s, X, BREFCFEEINTNSD200000DWT Friks v 71 —DOHBRREHOEMERL L
T, BE, BESCHETIBAERT LT - TWb.
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