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Navigational Distance in Nautical Miles [NM} for Each Route Ségment
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#3.21

DISTANCE {KM)

185 B

TOTAL DISTANCE (NM)

SHIPPING ROUTE

LIKELY WINTER
ICE COMOETTONS*

1

H
3
[
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11
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13
14
15
16
17

27
143
278
141
153
210
178
185
168
350
428

75
119
208
124

a7

50°

270
413

891
.83z

995
1208
1383
1568
1736
2086
2514
2589
2708
2916
3040
nzr
nw

* Estimated coverage in tenths

MY - Multiyear

FY = First Year

g FY,
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5 fY,
9 FY,
9 FY,
9 FY,
9 FY,

w

FY,

4-9 FY, 0 MY
5 FY, Trace MY

o FY,
9 FY,
9 FY,
8 FY,

4-6 FY, 0 MY
45 FY, O MY

0 FY,

0 MY
1 MY
5 MY
1 MY
0 MY
a M
o Mt
0 MY

0 MY
0 MY
0 MY
o MY
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®3.2.2 ICE CONCENTRATION IN TENTHS - Jamary
#3.2.2 MAXIMUM AND MINIMUM ICE

CONCENTRATION VALUES
{Maximum - Minitmum, in Tenths)

SEGMENT 1 2 3 4 5 Eﬁgﬂlﬂ7 8 9 10 . 11 12
1 10-8 10-9 10-9 10-7 1.0-3 10-0 9-0 7-0 7-0 9;0 10-6 110-9
2 10-10 10-10 10-10 10-9 10-8 10-8 10-3 8-0 7-0 10-0 10-7 10-i0
3 10-10 0-10 10-10 10-10 10-10 10-10 10-8 10-2 9-2 10-6 10-8 10-10
4 10-9 10-1Q 19-9 10-% 10-4..10-3 10-0 8-0 -6-0 10-3 10-8 10-9
5 ic-8 10-8 10-7 10-5 10-3 10-0 8-6 6-0 3-0 93 10-7 10-8
6 i0-6 10-6 10-6 10-6 9-6 8.0 7-0 3-0 2-0 B-1 10-2 10-5
7 10-6 10-6 10-7 10-7 107 8-5 7-1 6-0 5-¢0 8-0 9-2 10-4
8 i0-6 10-5 10-6 10-7 9-7 9-5 80 -30 50 7J-0 90 9-5
9 9-4 9-4 9.4 9-3 9-2 80 7-0 4.0 30 5-0 70 9-2

10 -0 51 51 &80 30 1i-0 1-0° ©0-0 0-6 0-0 0-0 1-0
11 ) -0 3-0 40 30 20 10 O0-0 O0-0 0Q-0 0-0 O-C¢ Q-0
12 3.0 90 81 60 30 1-0 0-0 O0-0 0-0 ©0-0 0-0 I-0
13 9.2z 10-3 10-2 9-1 20 10 00 00 00 O0-0 -0 2-0
14 80 9-1 9-1 60 10 1-0 0-0 0-0 Q-0 0-0 0-0 1-0
15 5.0 60 60 30 10 10 0«0 Q-0 0-0 O-0 Q-0 O-0
16 1-0 4-0 3.0 1-¢ 10 10 00 00 0-0 0-¢0 0-0 Q-0
17 1.0 2-0 30 1-¢0 1-0 10 0-0 Q-0 O-0 O-0 Q-0 OG-0



(i) BEKOTmEE

ZTTRADECE S—HEB LABKEEEKEL T B, Tce patrol B&EkE O
PIL- TBEO1IEKERI LT D, 23.2.31CHKSegment HOBEXREEELRT, —HH
T FEKEHKDSLICHT THBEPRICHA LT 52:, Segment 30 1EKBBEKRICE b4
Vo FBCAR TR 2 8L EKD Labrador BT > TBaffin? b Segment 13FHE~IiA
BATL B3, ThbidDavis Strait OFH I T ALEOMIKIFLTLE 5, Segment
131VAATREEKRRbRAE W,

5£3.2.3 MULTIYEAR ICE CONCENTRATION
Median Amount of 0ld Ice in Tenths.
{"T" is used to indicate a trace d4f old fce.)
01d ice does not occur south of transit segment number 13.

. MONTH
SEGMENT| JAN | FEB | MAR | APR | MAY | JUNE | JULY | AUG | SEPT | OCT | MOV | DEC
1 T* T* T* T* T T T 0 0 T T* ™
2 1* 1* 1* 1* 1 1 1 0 1 1 1 1*
3 5* b* 5* 5* 5 4 4 4 3 5 5* 5
4 1* 1* 1* 1* 1 1 0 0 0 1 1 1*
5 o~ o* o* o* ¢ 0 0 0 0 0 o* 0*
b o* o* 0* 0* 0 0 0 0 0 0 o o*
7 o* o* 0* o* 0 1 1 0 0 0 o* o*
8 o* o* o* o* 0 0 1 0 0 0 0* o*
9 0* o* 0* o* 0 0 0 0 0 0 o* o*
10 0 0 T 0 0 0 0 0 0 0 0 0
11 0 0 0 T T T ‘0 0. 0 0 0 0
12 0 0 0 0 T T 0 0 0 0 0 0
13 0 0 0 0 T T 0 0 0 0 0 0

* Estimated value

i) 14kokE

KER 2 F £ BEONW O 0BEFRCHAZ hTtab, ThLARFKHTARENT — 2K
T BRI T HESEARIANTAL(A.E.S., 1982 ), ChoARMILOKELE 3. 2.4
Wndo D2t hENT E EDROEMT LD, BT OEKIIPRIL b 4B (kL
Wb, BRI LMER COKEEHRPRE L hDENERICS b, #oC, 83.2.4 KRT
KEHE Segment OMRFOBAMERTEEL BT LMK,

Segment 10, 11 801 207 — 21, FHMBHLAFORKBLI A HE ALY, KM
%o T\,

Davis Strait ®Labrador Sea BEMOMKL TN Segment FIHARAA T 20T,
b Segment K HKER, HAALMOKEL b LM ALRT T B,

Segment 15, 16, 17 OREHBFK+IL7— 2 A.E.S., 198 20T Ah TV
e ABOFEIIC RS Segment BREKLAWS, t» bo— v 2B LMK BERAALTL 5,
# > TSegment 14 TOXEH LN Sepmet K HKBELHEETE 2,




#3.2.4 FIRST YEAR ICE THICKNESSES (FROM NEAREST SHORE STATION, cm)

C MINTH
SEGHENT JAH FEB MAR APR HAY JUNE JULY AUG SEPT Ocr ROV DEC

1 104.8 | 129.7 | 157.3 | 172.9 | 179.2 | 161.5 46.3 0.0 3.3 17.8 43.7 78.5
2 114.9 | 137.9 | 158,1 | 176.5 | 184.1 | 165.5 26.3 0.0 0.0 24.8 50.8 86.2
3 115.3 1 135.4 | 154,32 | 173.1 | 184.3 | 184.7 | 1493.4 75.1 21,3 29,9 60.5, [ 90.0
4 115.3 1 135.4 | 154.3 [ 173.1 | 184.3 | 184.7 | 129.4 75.1 21.3 29.9 60.5 90.0
5 115.3 1 135.4 | 154.3 | 173.1 | 184,3 § 184,7 | 149.4 15,1 | 271.] 29.9 60.5 90.0
6 92,5 | 106.8 | 127.3 | 135.2 | 142.9 | 135.7 88.0 | 0.0 0.0 13.0 kx| 62.0
7 g8.2 | 107.0 | 123.8 { 137.1 | 147.8 | 152,1 | 1Z1.0 20.8 0.0 4.0, 1.0 61.8
8 88.2 | 107.0 | 123.8 | 137,01 | 147.8 | 152.1 | 121.0 20.8 0.0 1.0 .0 61.8
9 93,1 | 117.7 | 136.2 | 152.1 | 160,1 | 144.9 93.3 0.0 0.0 0.0 | .30.6 57.5

10 g0.0 | 10¢.0 | 110.0 | 120.0 | 110.0 0.0 0.0 0.0 0.0 0,0 {..0.0 57.5

11 70.0 85.0 90.0 90.0 80.0 0.0 0.0 0.0 0.0 6.0 0.0 51.5

12 60.0 710.0 5.0 65.0 50.0 0.0 0.0 0.0 0.0 0.0 0.0 57.5

13 49.7 55.0 57.5 KL 0.0 6.0 0.0 0.0 0.0 0.0 |- 0.0 .0

14 16.3 0.7 40.5 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0

15 16,3 30.7 40,5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

- 16 . 1683 30.7 40.5 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0

17 0.0 0.0 0.0 0.0 0.0 0.0 g.0 0.0 0.0 0.0 0.0 0.0

1 Cape Parry 8 Clyde River

2 Sach Habour 9 Frobisher Bay

3 Resolute Bay 10 - 12 See Text

4 Resolute Bay 13 Harringtan Habour

5 Resolute Bay 14 Corner Brook

6 Pond Intet 15 - 17 See Text

7 Clyde River

V) ZEkokRE
£k, HEBCK— 7+ — FIENE AMEEE TRE LT, EEMBERTRAAT (DB,
ZEKOKBECEL THARBRPIEE LA FEHIF— £ 2k \n $3.2.5 CSEKOKE LR
Hrhbd ARCTEC Mok et B+ 253 & AR % MK R ICBE 35 BRI S0 THRT
AhedbOThsbs,

5%3.2.5 MULTIYEAR ICE THICKNESSES {m)

’ MONTH

SEGHENT JAN FEB MAR APR HAY JUNE JULY AUG SEPT ocT HOV OEC
1 2.4 2.5 2.6 2.7 2.1 2.5 2.4 2.2 2.2 2.3
4 2.2 2.3 2.4 2.5 2.5 2.3 2.2 2.0 2.0 2.0 2.1
3 3.0 3.3 3.5 3.6 1.6 3.7 4.0 3.5 2.5 2.2 2.4 2.7
4 3.0 1.3 3.5 3.6 3.6 .7 2.1 2.4 2.7
§
6
7 2.0 2.0
8 2.0
9
10 2.%
11 2.5 2.3 2.0
12 2.3 2.0
13 2.0 2.0

) sk AR R AEIEEE
HFXDIce Patrol Bv—¥F w740 i—2%f~OUkERBD 7 75 4 A rEHH NG
LTsbh, thbo7— £2itraw data LT HBI2WEHANHKBREALAE TA.E.S. BLAF
T45, ARCTEC CANADA#MAHET Transport Canada OABDICEW L7 o 222 } T
MR K T Bk EIROBE L RN £ T TWah, ChbDF— 2 %% 3.2 6 IUTT4, &
ERBERC bk - TF - 225 ARTHEEV,



MEZA P 1LIRP I 2TRBIK( < 2T742) 345, —BIRIFEHLBEALTHE
BRIV D EK( shorefast ice )T H B AW, #F FBMIC L 5K EIRM IR EEICEEHmI A
Thkln, €274 2111251 202 TORKRRIC S £ 5 ¢ ARCTEC HoltsETit, 72>
P11&120HT DRERRENER, €7/ 110075 $SBETH A,
FRZ740i-2DF— 2, Segment 13~1 612 KERDOREFEOERE, B
BILTHETE 2R ERMICHEMMTINA T LA %W, ARCTEC #& LTH, Segment 16T
HKERARE LW EB > TWwD, Segment 1 3~1 53 5 F8k IR RAESER 3.2 /kn
Tdb(Markham, 1980ICL A ),

$23.2.6  MEAN ICE RIDGE FREQUENCY (ridges/km)

. MONTH

SEGMENT [ . JAN FED MAR APR MAY JUNE JULY AUG SEPT ] .0CT ROV DEC
1 12.0 5.2 8.0 10.1 12.0 1.2 6.0 .2 0.0* 15.0 6.9 12.1
2 2.5 2.5 2.0 6.0 2.5 J 4 0.0* 0.0* 2.4 3.5 3.0
3 6.3 5.8 5.0 3.7 6.4 4.8 11.4 6.0 4.3 4.6 §.5° [10.7
L] - 5.4 7.75% 4.,5% 6.55%] 6.7* 5,3* 11.2*3 3.0* J.65% 4.8%] 5.2¢ 7.25¢*
5 4.5 9.7 4.0 9.4 1.0 5.8 11,0%| 0.0* 3.0 5.0 4.9 1.8
6 .1 6.35%] 6.4* 6.9* 3.75%] 5.6* 11.1*] 0.0* 3,35+ 2.6 7.1t 5.1*
7 2.1 6.35%] 6.4% 6.9¢ 3.75%| 5.6* 11.1*| 0.0* 3,35+ 2.6%| 7.1¢* 5.1*
8 .8 3.0-] 8.8 4.4 5 5.4 11,2 0.0 3.7 .2 9.3 6.4
9 9 3.0 a.8 4.4 5 5.4 11.2 0.0* 3.7 .2 9.3 6.4
10 1.0 6.8 5.0 10.0 5 5.8 7.1 0.0* 0.0* 0.0*] 0.9* 8.6 |

13-15 | See Te:j.

* Values are estimates,

WD kERoOKE A
HFFDIce Patrol H, 77 FAUBRECPI2XEROBIKMTZv—vT o7 o i—2*
OF— 2 EEHTCIE LT 2, ZhALOF- 20 EALHRE, BIFAhis &iikln,
BEMBRIC LT ZKEROB IOV T, W{DhDRAET—sdds2, ARINAGLD
ELTA ARCTEC HoMalRY TR 3DOBKB L%V, £3.2.7WCFK—7+ — M, Parry
Channel, ILBBRETRF > b o—vr2BLHT KERBILCOWT, 27— 4L ARCTEC
HokeE@iind, 1k KEROMERR L BELE 3.2.3 KRT,
=7 & — MECET HKEIRO €~ MBRR OF bitE T2 L T25(ARCTEC CANA
DA, 1982 itia),
W=175+227h
%7, Parry Channel Tid, App( 1981) @F— 2L L5 L FHET,
W=245h
W KERD + — 68 (m)
h (kKERO+— 2+EE  (m)

#3.2.7 RIDGE HEIGHT HEIGHT DISTRIBUTION IM BEAUFORT SEA

LOCATION SAIL HEIGHT "E;?HT % IN CATEGORY
——— - m
Beaufort Sea Median < 1.5 0.75-1.5 63.2
Parry Channel Madian < 1.9 1.5 -3.0 32.7
Eastern Arctic Median < 1.0 3.0 4.5 3.2
Gulf of St. Lawrence  Median ¢ 1.5 4.5 -6.0 0.3
> 6.0 0.6



Qists

ELEVATION (m]

L " A

STANCE FAOM MOGE CENTEALINE (mb

LEGEND
H= 10 height 3 Snraw Cover
O~ heel depth . .
B Hord ke
Sw - yoit breadin e
Ko = ket beeadth 3 “Seft’ ke
T - ice thickress 0 Very Soft ke

£3.2.3 TYPICAL CROSS-SECTIONAL RIDGE PROFILE

WiD kilREIRE

FY) =5 FEERUFEl lesmere & TRAE LXK LKL, # 7+ AEMAY Labrador #HKI
>, Baffin &I Labrador WEKH - CHAERT B, %/, Lancaster BT Hudson
HElE A O E~ S TEA T B, Belle Isle BROBHFTHE, ==—77 V7 > (Newfound
tand ) OFF P =a~7 7 F7 » VENE THENT %

BaffinBitHtid 1 & — X v ICHRTFEOKLIEER INTNE, AR IRLHIT LAt TK
WEAE, BRL, KLORTAE IRRSHEL L, WRI6 L IHEHTRALALRRIhZ W,
i EAEOKILBEBIPEERICL s T OB E 5 kR 50T, KILOMBRFEHIC L TEL
¢(ZAt L, Labrador ®Baffin BW&E K- TRKICH - THE (BEIhb,

F2 EA & QKL OB ER Iee Patrot RU#+ #DIce Patrolltk o Tiibh 5, B
#83Hazardous lce aAtlas (ARCTEC CANADA, 1982 Yo teh, T
b offi% Segment 1 0% CORBSICHT ERIBFHIEL LT, R328IGRF (1 00FF< 1A
W hicEETLRKLCEREE LTRET ),

siliidLabradorif { ~E A h A MfM2H SO T, Segment 1 1Tt A CBEEAIhAE N,
Segment 1207 — &1, KLOBHE BUKCHETS ARCTEC HOMMHOLHEELLIOTSD
By ¥ b —L v ABREKLUATEELT, Nova Scotia HThH o KEBRAINE N,

#3.2.8 1CEBERG OCCURRENCE

MONTH
’ ICEBERGS/100 SG, MILE

SEGMENT JAN | FEB MAR APR MAY JURE JULY AUG SEPT oY NOV OEC
No lceberys
a.11 0.11 0.11 0.11 1 0.11 0.23 0.91 | 0.91 0.91 0.46 | 0.46 0.19
0.76 0.76 0.76 -0,76 1 0.76 0,76 1.90 ] 2.28 1.90 1.52 | 1.52 0.76
0.76 0.76 0.76 0.76 | 0.76 0.76 1.52 | 1.52 1,52 1.52 | 1.14 0.76
0.76 0.76 0.75 0.95 | 0.95 1.14 2.28 | 2.28 2.28 1.52 | 1.14 0.76
0.76 1.14 1.14 1.33 | 1.14 1.14 1.52 | 1.14 1.14 1.14 | 1.14 0.76
0.27 0,27 0,46 0.53 | 0,51 0.24 0.34 | 0.30 0.30 0.320 | 0.27 0.27
See Text
0.50 0.50 0.50 0.50 | 0.50 0.0 0.0 0.0 6.0 0.0 0.0 0.0
1.3 1.3 1.3 2.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ho leebergs

Source: ARCTEC CANADA, 1981



id sk oBEHHEBE

KBEOMI T~ 2% ¢, KB( floe ) BEIOEM BRI 55 Wik AR OB kD 6
N, RECH T ok8HEBT AN OLOEITMREI LA L, BEOZWKEOR R 2RIT
ROLSXABLEAINTNHE,

V, =002V,
V, ©oskaRmpr
vV, I B &
ZOMBA L DM LT SKEEFLRS. 2.9 TR, KEEERTAHEEE~ 8 OlERIEDW
TRANTV D,

BEEIN TR T, fHekBoB2dftokEE oREERRVABOMKIT Y > THEAY
NABWMNCETETHEINT B, o, KBEEFSLLOL LA THKBRE BT LT
nk\n,

#3.2.9 ESTIMATED MEAN ICE VELOCITY (m/sec}

MONTH

SEGMENT JAN FED MAR APR - MAY JUNE JULY AUG SEPT ocT NOV DEC
1 C F F 4 F 10 0 0 1] C [ [
2 F F F | F F F ¢ 09 | .09 c F F
3 f F F F F F F c [ F F F
4 f F F F F F [ A1 [ [ [ C
5 [ [ F C C 0 1] 0 0 c [ C
6-10 C A9 .19 .15 .12 12 11 0 0 0 .20 C
11-12 15 .12 .14 W12 .09 0 0 0 0 1] 1] o
13 C C F . .13 0 0 0 0 Ju] o) 1]
14 11 C .09 .09 0 0 1] 0 0 0 0 0
15-17 .17 A7 17 14 .13 0 o] 0 0 0 .0 0

HOTES: XX - mean velocity in mfsec, v = 02 W

(b)

C - ¢lose pack 1ce > 8 tenths
f - fast ice; 10 tenths cover
0 - cpen water; 0 tenths cover

ok O EAYE
HOK OBBRYFE T 2 ARTF - 22 b LR LT, WEBRCHAIh A ERERE, %R, 31

i DOGEE, 3 MTHREE REROF - FEF— T AR EDR, BlE L TESEET— 2%%3.2.10 i©
Tt ROOGHLLIOIK, Fl—FA AT EAET A G TOHABEICKAR <5 #2db, O
Bhn, WKkolERARZA20TdY, 1 ARREBLRE2ADTH 3, B, HkOBHEMIIC
L TERMNRESHE SN T 52, TOL O REBREC L 2E-—-BObDT— 2 BAFTEIAHL D
%52 TH, »LEBRTOMHAT 2 TE 2 {(H—MWd I HEEKNRRICE SnE—BAD 2
WG Y — 7 I h ik OREYRE LR B2 OB WHETH 5,




$23.2.10 COMPRESSIVE STRENGTH MEASURENENTS (kPa)

LOCATION ICE_TYPE DATE IYPE/APPARATUS HAX. MIN. AVG. SOURCE
Beaufort Sea FY 1-70 C Nutcracker 5,200 3.000' 4,700 APOA, 1970
- C Mutcracker 6,000 CANMAR, 197§
C Borehole Jack 35,000 3,000 KIVISILD and
1YER
Melville Sound *FY 8-78 C Borehole Jack 2,800 2,400 2,500 ACL, 1979
MY 8-78 C Borehole Jack 7,300 5,000 6,200 ACL, 1979
Ectipse Sound FY 10-80 C Borehole Jack 123,000 - 9,600 15,000 ACL, 1980
Baffin Bay FY 6-77 C Borehale Jack 5,100 ACL, 1977
Hy 11-80 C Borehole Jack 30,000 - 18,000 23,000 ACL, 1980
Beaufort Sea MY Ridge 70-11 U Compress, Rig - 6,900 1,500 2,700 APOA, 1971 b
MY Floe 9-70 U Compress. Rig 3,100 1,000 ¢ 2,200 APQA, 1971 a
LF 1-80 U compress. Rig 21,000 4,000 11,000 ° FREDERKING &
TIMCO, 1981
HY Ridge 10-79 U Compress, Rig 9,700 5,000 6,500 FREDERKING &
TiMCO, 1982
U Compress. Rig 3,900 CANMAR, 197%
U Flaking Rig 9,600 2,000 5,800 KIVISILD &
IYER, 1976
U Compress. Rig 7,000 1,500 4,300 WANG, 1979
U Compress, Rig 3,000 00 1,700 WANG, 1979
Empire Sound FY  6-72 o Compréss. Rig 6,500 1.209 3, 100 KOHNEN, 1976
Baftin Bay WY Floe U In Sttu Cube 3,700 AL, 1980

11-80

3.24KTT IO, ERLOF—FRIZE—CEOEFEDS L TRERBERRERE 5%,
SHE-2C~-13CK#T2 1 EKCHTAERD T~ # 2 AL T, BENKE Segment C#T

HEMEEY, THAMIBIEE LAEZRS 211 TR,

To00-

O’c(PSI.)

/ - 1000
6000 + 332
\ soa
" MEAN VALUE OF SMALL
soool SAMPLE TEST DATA
- 33 % 00
—_ 4000
3 ’
=
3000}
40Q
2000 £ =0.85-0.91(g/ca’)
g8 =3.8 ~6.5 (%)
£ =1.2-2.9 x 10Jgec
200
1000~
(AFTER HIROSHI ET AL, 1978)
1 L L L 1 i L L 1 L 1 [l L 1 ]

=13
T (%C)

3.2.4 INFLUENCE

CRUSHING STRENGTH OF SEA ICE

OF TEMPERATURE ON UNIAXIAL



#3.2.11 APPROXIMATE CALCULATED UNIAXIAL CRUSHING STRENGTH (kPa)
OF FIRST YEAR ICE ON PROPOSED ROUTE

MONTH

- |SEGMENT{ JAN | FEB | HAR | APR | MAY | JUNE | JULY [ AUG | SEPT | OCT | NO¥ | DEC
1 | >5900 { >5%00 | >5900 | 5100 | 2600 0| -- | -- { <000 | aso0 | 5100 [>5900
2 | >s900 | »s900 | >s900 | s7o0 | sv00 | 2000 | - | -- 3100 | 5900 | 5700 |>5900
3 | >5000 | >5900 | >5900 | 5900 | 6000 | 2900 | -- | -- 4400 |>5300 | »>5500 |>5900
4 |>5900 | 5900 | >5900 | 5600 | seo0 | 2200 | -- | -- 4000 | 5900 | >5900 | 5900
5 | ss00 | s900 | sv00 | s000 f s700 | <2000 | -- | -- 3100 | 5500 § 5800 [ 5900
6 | sso0 | s900 | so00 | asoo | 4400 | <2000 | -- | -- 2300 [ 5000 [ S000 | S600
7 | se00 | 3700 | s3o0 | 4200 | 3700 [ -- S [ - | 4a00 } 4200 | 5100
8 | soo0 | 5300 | 4800 | 4000 | 3100 | -- - | -- - | 4000 [ 4000 | 4000
9 .| 380 | 3m00 | s100 | -- | 2900 | -~ | -~ | -- - 3700 | 2800 | 3100
10 | 2900 | 3100 | 2900 { -- | <2000 | -- SO [ - | 2000 | 2000 | 2500
1 - -- o| -- -- -- - | - - - - | 2000
12 | 2000 | 2900 of -- - -- S - - -= | 2000
13 | 4300 | 3500 | 2800 | -- -- -- - | - - - - | 2000
14 | 3300 | 3300 | 2400 | -- - - - | - - - -- | 2800
15 | 2600 | 2900 | -- -- -- -- - | - - - -~ | 2000
16 | 2300 | 2300 | -- -- -- -- - | - - - -~ |<2000
17 | 2300 | 2300 | -- -- . -- R o - -- <2000

KHREKICT b BUHEEIL 4 1 KoM HRER, B3.2.50RTIoK, 774 hROBBL
LTZOICRbL 5,

g, =850(1—0072/V ) (, <1iliedlT)

o, = BhVoEEE (kR )
V, = 734K (%)
Frankenstein and Garner, 1967 13L:754 &R,

% =s(0533—53%§§) (-05C<O<-229C)
S=HEIRE (%)
8 =xR (T

LREMFER LD, KROMED b & ICEERHEES Segment 1T 5 1 KRV SEKOMITHRE #51H
LesD%#3.212, %3.213 T,
1. 1EKOEARME= 5 %o
2. BEKOEABE=1%
3. kEF=%3.24, ®3.25
4. kB=W(HERR+ BKERE)
5
6

¥WkBEE=- 1.8T
mEf#=0



1CE STRENGTH {KPA)

1600
AFTER: LANE, 1970
9004
800 4
X x YRUBREY (1677}
o WEEKS RN RHDERSDM (1988)
700 - + TABATA {(1p88)
w DYKINS (1971}
¢ BRDKN (1982}
soo - » BUTKOVITCH{1986)
5004
4440 +
¥
200 - * }\x -+
L34 Yu b O u % tq. +
Fﬂ! u\ + LJ
200 - 8\ g +
. o \\ o . ., v ISHXPR
. oo &gc:]uu [=- LI T ¥ ¥
100 - +
] o B 5 p + 4+t
B
0 } + + + - t } } } 1
D 4 8 12 18 20
JEBRINE VOLUME (%0
3.25 8EA ICE STRENGTH IN-SITU CANTILEVER BEAM TEST
7%$3.2.12 CALCULATED FLEXURAL STRENGTH (kPa)
OF FIAST YEAR ICE ON PROPOSED ROUTE
) MONTH
SEGMENT JAN FES _MAR APR . MAY JUNE JULY AUG SEPT ocT NOY DEC
.1 586 5490 578 529 g2 -- - - 0 3n2 529 570
2 593 596 590 555 443 - -- -- 223 471 555 582
3 599 602 596 570 471 -- -— - 354 513 574 590
4 596 599 593 565 458 -- - - 320- 504 570 586
5 593 595 593 560 443 - - - 223 471 560 582
3 560 569 565 529 354 -—- - - - 405 613 549
7 543 555 536 513 278 -— - - - 354 484 529
8 622 536 504 484 223 - e -- -~ - 320 458 513
9 443 443 529 458 147 - - -~ - 278 320 u2
10 354 382 354 223 -- - -- .- - -- 147 278
11 223 278 147 0 -- -- - -- - -- - 147
12 354 354 223 0 - e - - - -- - 147
13 425 425 320 203 - -- - -- -- -- - 147
14 399 443 345 -- - -- - -- - - .- 16
15 324 363 235 - - -- -- -- -- -- -- 138
16 268 296 47 - -- - -- - -- . -- 97
17 268 | 296 47 - - -- -- -- -- -- -- 97

NOTE: See text for models and assumptions.

Refer to fce concentration tables for

occurrence of first year lce,




$3.2.13 CALCULATED FLEXURAL STREMGTH (kPa)
. MULTIYEAR ICE ON PROPOSED ROUTE
MONTH .

SEGMENT| JAN FEB MAR APR HAY JUNE JULY AUG SEPT ocY NOY DEC
1 732 133 728 707 641 0 -- -- 0 641 707 125

2 7135 736 733 | N 668 396 -- -- 569 681 118 130

3 738 139 736 125 681 536 - -- 628 699 1217 734

4 136 734 735 122 675 485 -- - 613 695 724 132

5 735 136 135 120 668 396 -- -- 569 681 120 730

6 720 725 722 107 628 -- -- -- 485 651 699 115

7 nl 718 10 699 594 -- -- - -- 628 686 707

8 702 710 695 686 569 -- -~ -- -- 613 675 699

9 668 668 706 €75 636 -- -- - -- 594 613 641
10 628 641 628 569 170 -- -- -- - 396 536 594
11 569 534 536 485 -- -- - -- -- -- -- 5316
J12 528 628 569 485 - -- - ~- -- -- -- 536
13 660 660 613 396 -- -- -- - -- -- -- 536

NOTE: See text for models and assbmptions.

Refer to fce concentratfon tables for ecccurrence of multtiyear fce,

£3.211, £3.212, £3.21 ICEHARMRORECES W AERELRHLTLOTDY,
R HIF — # BAFTE BB ATURMBI LA~E O TH B,

H3.264, 7741 AROMAEKL LTYNBERCABELRLALIOTSH), SHULALSLWE
RE LB LESME L bR o CMMTHE BUERNHETE 2.

oo T T Y T T T 2.0
- s
2 200}
ﬁ L] ]
@ N 2 ﬁ &
@ Y . e
» loof R S
= . . od 5
(%]
Vb * Brine Yolume
v} 1 ! 1 1 1 1
0.10 0.20 0.0 0.40
V¥
Figqure a: Sea—-Ice Shear Strength as a

Function of the Square Root of Brine Volume
(Paige, 1967).



ALl TESTS & CONSTANT
SALINTTY NF 7-0 PPT
{SEE EQUATION 1-1)

® | ADORATORY REAH TESTS

® FLELD BEAN TESTS
TS5 1 95% COMFTNENCE LIMTTS 5000
xx TOTAL KO, DF SAMPLES TESTER
L

HFa

Apparenc Elasrie Modulus (psl x 105)

v,

Figure b: Apparent Modulus of Elasticity
of Sea~Ice as a Function of the Square
Root of Brine Volume (Vaudrey, 1877).

€3.2.6 BRINE VOLUME DEPENDENCE OF SHEAR STRENGTH
AND ELASTIC MODULUS
(from API, 1982)

Defant KIA&, Malmgren(1927) OHAKESAZIBKOLED, 0.857~0924g
Th B, FENHOBRERBXCET »RMKOLE BWHIEROKD 50 3HEKoLEICHRY
T 5,

19804 Trafficability Tests " POLAR STAR”™ (USCG Ok ) OEREES
#H2 (INERTA 160)0BEERBMNER I, Voelker LidEBHENEEE (Normal
Pressure ) O—RBEH L LTHROL S CRDbLTWA,

| t=592x 10" P, + 0042
1 = BB
P, = iMEceM+ 5 EENI (psi )
) & B

SEF— AR AOBERILIE LAY, AL THF#DA.E.5. ORAITESH O TD
Bo BIBERICHT 25— 2 %, BENBEOE Segment ICHL TS L HICHERTHITLTND, REA
COEARIBEFOF— F2BETHD, BREKHLTF— #EHE Segment KHTLZEREL(RHDLT
Vho BEBLVIT AN L Segment KA LTHMEEZBMHMK L D HEZHT N5, HBEOELALHK
i bR AEMICDWTE, BRKICL I BROEBRTEAERWRMICSH A O THEERME LTS,
OB T T, BEORIERR & BEMT- 15 A— 22 F0 L SRELTE% ARCTEC il
M L TR T b, & Ot Labrador BOWEE 71 OTF— 28 N ICRIL 2 T b,

BLEEASR 5 A -2 CHARBREBR(EELAA ) FHRELTRLT NS, —HlL LTI
Rt s5Br RE+H 3.2 TCET, 2+, BKRTRESEIRFAEOBAHELTRbL TV S,
2 A4, BENEEFE TR SRAMEC, AR OMARS THARENLWIHEEICS 5,
Labrador BRUHIMEE w2 v b o — L > ABICE W TIRHIBERICH L WEKSRET 5o

Bk B KEE(PHOBESE), R ko ( 22 LSELASOR L 8kn ) LT ORI
BUABEMNE, SESBMBEL LK, I IREXARF - 2L LTRICT L7 —FlELT1A
KB b7 558321 4 KFT, BAR, BE, KSE RROT- 2L TBRREN»LH%x
DTS A

- —-17 =
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sson}
500“ ~ay 2 Ao -,' il L] B i b —-"- i r.
PREDOMINATE WIND VELOGITY (KM/HR) [
@ AR TEMPERATURE (*G)
[A3.2.7 TEMPERATURE AND WIND VELOC ITY- January
F+3.2.14 METEOROLOGY - JANUARY
PREDOMINATE DAYLIGHT/
AIR { SECONDARY ) PRECIPITATION RELATIVE ATMOSPHERIC VISIBILITY TWILIGHT/
SEGMENT| TEMPERATURE NIND VELOCITY 5-Snow,R-Rain HUMIDITY PRESSURE <l km NIGHT
(°c) {km/hr) {mm) {x) {mb} {hrs)
1 -29 W25 (£28) 80 {S) 80 1018 ] 0/5/19
? -31 NW24 (ENE30D) 115 (5) 1020 2 074720
3 -33 NW30 {calm) 20 (s5) 1016 16 0/372)
4 -32 NNW22 (calm} 20 {S} 67 1015 ] 0/3/21
5 -3 NNW22 (calm} 50 (S) w13 - 1 03721
6 -23 NH28 (calm} 70 (s) 66 1013 06/3/21
? -20 W28 {calm) 100 {s) 1008 2 0/4/20
8 -17 N33 (calm) 100 (S) 1006 2 0/5.5/18.5
k] -10 NNW3IB (calm) 720 (S) 1008 15 4/3/17
10 -6 Wa4 (M47) 37¢ (s) 13 1010 11 6/2/16
11 -3 W47 (HW48) "800 (S} 8 {(R) 1005 10/8* rrIat
12 -6 w29 680 (S) 11 {R) 1005 4 8/1/15
13 -9 NW37 400 {S) 17 {R) 8o 1008 . 12% B/1/15
14 -5 W38 600 (S) 25 (R) 13+ 9/1/14
15 -6 WhHa1 7t 9/1/14
16 -3 W3% (N38) 630 (S) 58 (R} 1011 5 9/1/14
17 W22 600 (S) 80 (R) 2 9/1/14
* % ¢<1,8 km,

Segment 11 - Labrader Shelf/QOcean Statfon "B" (56°N, 52°W)
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BN ORICE BT o« 2 BRBEHSMBICR- THET L, RAVEEAERUEMK TS, 18
SENEEPICIL 3 DO A1 7T Ok, BIb 1 Sk & S5k EKWL CGRFEX ) BHET 2, 1EkEso
DEATOKOTPTRH—EBS, TATI2mEI L CokEl & LTEET S, Thid+k, Ehn
205 LIKEREEBR LY, B Gk b Th, BREAC S LT, KARELE M nidEhl
LOKERRETER T 2 ATREM 2 5 ( FHEKERBIE 2RI DI LIWEWA ), BEKE 75 1 v pik
DHELLRD1FKE D DI DBENB N, 2EKOKELL VEL, KERGIES CEEIR L, 25
ThOBD TH L, FEKKEMOKETH( keel Yid, 1EKkCTRICHENTREAEEE - TLE
> TWbe KL, TOXRATIWI-oTHIBTDLI~NETHY, #Ho>TRKUBEERHERINL, kLD
Wik ( fragment ) HEETA 100 ~ 300 MCEL, L23REALBETERTWA,

BT NEARRSF A2 SR, B BETH L, LHO Segment TidfGE- 4 0 CUT oEBH
FEL, 2~3HF, BRZEBMER T4, Bd2 cOATEETH S, BlDH, heat loss BOENT
thi, FAELRET 220 LELEH1 0mt TORROBL 208 +27, AREAFHINWKRER
RS A2 THAEWE, EBFTETLLOTH S, FILO Segment TH, 1 HY bhoBBREMsERT
0~2 4 OB TR T 5, RREMOKE ( darkness ) iMMAEN L3 ABATOARER LK
BT ET 5,

BEFo—TH, HRBSFETIKERTART 5, FH TR EELHEEAH1 1 mTH 524,
REAEOHIFEMEATRLTIDLL T TS S,
(5) AiME LAFRD TN B BUE RN '
(a) B R
ERpERT— s v—tCNEELEAEELZWER Y, BRELERTNCHEBRBHT S, SEEH
W, 18250 AR AR ORI HENVBK I > T0~2 MO TEb L, Bk Seg-
ment THHRLESICE T2, BICHEBO Segment TRESL TH AFEARMR LW IR 2 T
LoAd L, IR (darkness ) L W EADEEIITOR, BLRES LFETELZWISH
TS AL T, oT, BEOW(OHOPMIKBHEBzRIZIAERZ LT, T ABEREAT
TFbhsWnw( Lo, FLERE AR EsBETCL22EATTLIL, IARBHREHE~E
ABKMMEZEELERINZNATH H, BEAEDEAEHICHIRIN, SX2EARBIERINS,
() Shear Zone
Shear Zone it, KEHIEH WCHEAMOTFTH T~ DB (Shearing=Th) BELEHRED
PWEATAKERCHEEINL, ZOWT~bhBEKY > kAT hosdhofimedh, Hrltk
2 kK DBWKERSES A b, —EMEL #/ 5E L% Shear ( Th )KL > TEETTHER
BEOKER 2RI NS, Shear ridge 2RIEHINTCTWEFNMIWORITH b & ARBEOME
Thihe, £k F—7+— 'BAESTLELERETD I 9K, TELAEEXKBT AT NS,
Shear ridgeX 0L S2BHATEBREINI G LS, Thidd TR T2 TH D, Shear ridge
@, PKEPBERICED &%k > THET LAY, BEFEFEICE 2o Tnd,
% %Shear ridge i1+ O ICHER LA K o THEWICFTICHESE LA TER I H 55N
b, LOLORHORHLTORBRAIFFICHL ¢, ThbORAMBER IR T~E T
2, BE, TE#% Shear zone FHER LB RET L, K3 2.1 CRTHEAEHBEETOEHE
Shear znne BT A %O Th 2,
{e) PIEBKIE
P EEINEETLI LR L (BLRTWS, CORRKENCS £ 5 B8 ITDW THEMIK
MEIhAC Lidhng, BRICLID LENEKERKETZHTT20BOENCKEABEEYEL 5,



REOKENE, »OoTAERY*TF LA LAY AENICHR AL CLHBTE 545, FkPOEDA
Kp oM T RIS KA LT LE 9, XFDEDHBN L, BUEhLEZ I/ TEE0LHEECS
WORATKERIEH EINE, EoT, FBERENWENOID o KPP CRMFTTTRETS 5, EN
OHs fokRE, 1 0m (FlLEn{opOXE ) 28T ¥-7 «» — MEOLRRES ) 0=
= NTHETH, ENDKOME ( ice motion ) I THFIEREZINIOT, REMM (FIK
B)»#toBETLHS, RENLZENR BRIE-A hRELBEECEDS L BE: 35, BRME
BAFLBAEORF 2 -v ottt b, ENRESZEIL TS, Shear zone OBH LMAH, ¥
EOBHBFHIOKTOENICH LTEREZ T2, COLRKEDTRIT L DI, BEMER
STOHEBOPRBLM b, BABEROEFSRICLZLL XL TWS, KENEHOTMEDD
LR Segment 3 & 4 OfE, Resolute @3 ¢B® Lowther and Young Island #RT353,
TRGOBRPHAMTViscount Melville Sound 2% T hkOBE %RLTVEDLTH D,
@ MAFAR

RRIFKERCE - THEEAERTS D, KEPOSIZKE ( lead ) PRVFB( erack ) %
RXBICHETB e, 2RBEKERILAD, BELWKTTRAOHRE £ER TS HICEKER
OHEMLRT I, RARRTF T2 LBHD L, WBIHHCERR 2T 2 (op0HiL 3~
AMBHDL, BIMELZ SOOI "Whiteout " THhH, £TOHECHEER BXEED 50NN
REBWRLABZLPLEIFTR TS, Whiteout @BLY AFMHLRROXESLEHIN TS
eI h3 AR INS ( B GRBCKOBRTSS ), Whiteout I bMEKEOHHMNE
BlTd s <% bkEMITHERR L B, Flird, kTR £4K Shear ridge % EHHEEHIGEE
TaH{ D, FThiehs TERBR2%SDhL, NS Whiteout HEhBLELERET S0
ThH%{ ThtobiERH 8, Ldl, —HORRCEILECHMICLIE LEREL, zoL
Sn BBk ERTIOHE OB (loss of shadows) ¥ Litknt THRALTINT 2, ol
AR OWhiteout RERL (HEND, XBHTOBHRIKE ST TEKRE LORRERETS
T L HERC R B,

30— 20BN EORRABRETYEAE LA L TH 5, hED 0T LA A% ICH
AN THWLBORBROAZDH TS E, BEbL 1 8kn/h ( 5 M Aee ) THRXRE.LOM ISR
FRAZCT 2O HEROTHMED LD B, BE2 8ka h( 8m/sec) A DL, BHDLW
AMKREOBHR L Bh(LTLE ), COLHZRAIMBCREL, COBEOREL Lo
7B (s torm) bR £ AM#R T 5,

RATHRT LI 5—20BFHRETH 5, BB THFICREL, FICEHA R RG
BKFCEkRALE, BT kKBbh AR T ( BET 2, BREAZOER, WkitlsT
5 T Al b~ HEEIER B K b CRTIAR HBA DR T ECL > TRET 5, FORBHITHKE
B oMERR (A D, 24 Labrador WTRKILUKA ( bergy bit ) ¥kE( growler ) ORR
DEEBEIC % B,

) %R ok

EER T, FROTEH 2 EFSL5 0kn h (1 4 M/ sec) %84 2HRI LI LERET 2,
WAH0S5knL FHEBHEO L 5% blizzard AR 1~3 8/, Bitdochll HRERT A, 2745
BAERICRER L RITTL S 2 ER KEWSHBE ( windehill temperature) %3 7%b 4,

(f) #osi Ofk

R &R RTIEE KA TRE L oS L b, B2 2BKOREINKET 2. FK
ft ERCRFT A ARRO AT &L BEBITRE T 5 —RNCABHROTHBICHZ T (XKL, EHBO
AN NKTE 2 SMETTH B, Bk 1EMY ) flacR: tEETSBAHCEETS




MR DR, BNV v 2B TREFLXBRC Lo TE{OBRBAE DN TR, CORETHER
LFAEBOYIX TR, BAOADTER T LTS BEERZRE~OEWFKCL hETOHE
EXFERA DL ATEEN:S L,
() #HsEMiclTLER
(@} #HAT LEONH
Bkt ORBHIHRBRTH LIBER TR T D20, KERITIRI hAKBPTHT TS
LTk D, BTENEKREBOL I LN TEAWEBRMEAD A, ¢ BRI 4 EoBis Lo
Ly, HWEAEE LRI 2 20T R 55,
(b) T&RISLATICH 35 A BT OF At
HUOBREHOS LT, KMIbBPLEIT2RKEG O METE R &N 5 T & ERIT
LYRARTWE, BHH TENBEETHANOERLN AR OKLIHLZ WOT, o IthHER
B (R B, Arctic research®OERBITLI AT, kEROKE I HERIL, FEKRKIBHTELL 5T,
Vv—F — R T LABRAITNTKW o L g TE A,
) TWEELRDFEOBHRE
FEEANECRT IR E (BT 2, HEE 100 $ P T ERIKSERIN LA, ThRnT 0
BICh DL 30 B LOKESMAIATHTE 5, KEE(lead ), BT B (erack ), E WKED T HMAT
TRAHLOK, BEERE(MBTEETZCLLY, BKOLBEETH LT L0TRE, KOF1F
v sERFANLEE, BO0BUTOFEE THMARONKD (ice forces ) /AT {, FOINKE
HEFEAEERBLEWE L3 TnS, -1, T0L 5 2BEKEME KR ERASS2I V3T LA TR
T O L LBTE, TANEERETE (erack Wid 2 L BABORKTKESE LT LR 5,
@ Kk iR OBRAREE
K BRI 307 B 3RIAYERE, KEIROEBIFER L& Bk EIR OBFUCHET T 50 K TIRSTHMIC
B ah/okED TafMoRfiEdn s A¥Ebh, NFCTHALAGIEZ bRV, BE (DX
BERTIbG, PrnHHEERCHG T 20T, KEROBEMETRAY LHECHR T2,
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4. IKiEeMEBRAMIC 5 RAHER

4.1 BUHIC
MEEKRBYTomidship v ) — X, RUFREEOCHAMBE T HBEHRRY Y -X, RUCy v~
) —XOBRAERER Y fFe THET S, '
¥ ) - XOPRITTEOED TH 5,
{1) side flare ¥ —X
ABETTRIC T s RAUEMOCEELY O <30T, SEBFHOREM . B - 003, BURNE
FfI( side flare ) OM . NaB- 011,575,
(28) BAd ) —-x
WK d ke —E L LCRBB AR T, BEOBEEES v ) — X THREOM. NB - 012, KO
M.MB- 013 2675,
(3) fBEGQEY)-X
REHETORKIC X DRBECTHE DAARFOKS OREH, BESEVEECL > TEDL S EsdY
Bl bot, TEOBHM . oB - 003 RURBEARMEOM . B~ 014 225613,
(4} faF v} —X
stem HMAYEBC AT (LM . B -019, RUR7 — v HBEOM . NaB-0200671 5,
B Cy vi)-—-x
BREFSY—EL LT, I¥BORMELXEL T, S/HOC; DR LOEELEL <L v ) ~X T,
Cp=0761DOM.NMB- 021K Cy =0773OM.NaB~0220 6% 5,
midship ¥ —XOBRHBMFBES R4 1C, BE VY - ASOPHRTEBSLF 4. 20TT,
ChoOREROERBRERC o7 A A% 4. 1~ 4.1 17T, ), BEEM, BE 360 m,
WEGR200000t, 3@EALH—THB,
FURIREE, MRS, SN0 sway, Rfyaw BEST, piteh, roll Elheave XEH
Th5, BEESTE—OMH, ZWREC L DAYEL, NEBER (B8 ) 1, SEBEBIKoVT0.07
Thh,

4.1
MODEL SHIP NUMBER 8-011 8-012 8-013 B-014 B-003
Lpp, m 5.000 5.000 5.000 5.000 5.000
Byr 0.722 0.625 0.833 0.722 0.722
d, m 0.278 0.278 0.278 0.308 0.278
7, m 0.7367 0.6507 0.8673 0.7849 0.7526
1oge fore, m 0.045 0.050 0.051 0.1927 0.051
5, ml 5.139 a.811 5.620 5.262 5.216




#4.2 FEE%

MODEL SHIP NUMBER B-019 B-020 B-021 B-022
Lpp, m 5.000 5.000 5.000 5.000
ByL» 0.7222 0.7222 0.7222 0.7222
4, m 0.2778 0.2778 0.2778 0.2778
v, m 0.7482 0.7535 0.7657 0.7781
Tegr fore, m 0.047: 0.0584 0.0848 0.1150
s, m° 5.193 5.268 5.246 5,301
Cgr naked 0.7436 0.7489 0.7610 0.7734
Cpo naked 0.7474 0.7527 0.7649 0.7774
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42 side flare OME

side flare '¥, FOKRICD > TR—EML LD THEH, EVETEHL2ET BKEEHETIE, £0
EhENTHECH D, side flare i3, KD T beset T h ABOBERS, BRECH OKEDETHET
BRRSHB, X, EETAOKERCHIIENNEETHO0--RTHY, 0L I IOKBRICHEYERA
hhid, ﬂ’éﬁii{cnmtrgo@yjﬁ?‘&iﬁﬁ;{’ﬁ}ﬁiacaﬁ%ébﬂ, ZoXiRkEBIcY side flare WXL TH,
X, KEMgE JEREMEH LT ED TS 5,

EVRFHEETOHKEL - —REEK side flare ¥ 2R HE, AEEDIA CORKEEOL
W, HoTRKERAP LTI L ELLNRE, SO, BKBEET, 8° OEHNL side
flare #ATHEEHM (M. NaB-011 ) It £ ZFPHADEBRYFV, BESHAXETEHE(M . N
B— 003 )rOHB¥F o, side flare FOM.NBE-011 OENABEEYE 412 10RT, X,
side flare OHEORB®H 413 LR,

M.B-011 27‘70/

[\
I

RESISTANCE, R, kg
T

0 G.2 0.4 0.8
MODEL SPEED, VM’ m/s

B14.1 2 EHABEF(M.M B-011)



oS ]
1

RESISTANCE, 10°R/pg¥

e
T

0 0.04 0.08
FROUDE NUMBER, Fn

H4.13 side flare DER

HBHER»HRBBY, side flare ¥ Ac b o€, FEPOEIIIMT A L23H 5,
side flare i, FOKIEH B2, vV hid, ROFHREL AL LR L D, B—KHEEOwall
sided T X OFWKEH M T B, LivL, side flare &, FEXPOLOEEZ UFKERELY &
EIRDRRETFD, BKOKERL L CHEI NICEKEBEIEL, wall sided DJBE LI PREL, TOH
#, side flare ¥#F2fT, ANHBEPRENEREYESGT > Lo, 480 LBHET
i, Bk L kBRCHRAAIRD I LI L > CETHIEEEOKBER S side flare 38T
PECLDLEZ LRSS, TOLGWBL TR, BEERP YA STOME, KR XFECBEART O
W, WER TR,

AW ST AV O R TS AR, SHEROMBREI K 2Py B, BORIOBE L &A%
B+~ 2Ry B vBa Sy, Sk, Ay —PESALNGHROL K, AR} 300m
RRRE D LS KB L T, REMLBAR L LY RS Z LV, BESKOBTH T o BEHK
B, RUER « MPRARE 70 $RELALT, KO EHHHEMNTHRE, MRV, #SETER
AL CHREDAEL) 0 DAL IWIE /o BB (BT RE4EY L, BER YoXOBEEIS
HHERKFRLR, KBHEBCLERLIELHEHEAFADLNS, side {lare OHEOEGSTHRILE
AEOUBERC L, ZOAYEFTILEND B,




H4130BEYT0 s ERBHCEATZLARBRTSS, LML 5K, EHHTOKE
IR, BIFNRA N2, KBAOBEKIE, ek EENSERTS, wall sided ®
RECHEORAREMEORIEE R, NALKTRKENEZT D L T, RESCHERTAESN
bh, COQ/YEET DL, BKERARELHMNL T, KFTEOBAT,ID T, Rojditt s &wmL
iR B 5 side flare MMM BE_ZrdanA, COAKCEL T, BEAERYE Y
’ik, #, £OPRPALETSS,

43 B/dDEE
(1) ko
IR LMPHITT 5B, KOEMAL, REBRUVEABRMECEFLTIVWLILEEL LR 2D
b, BOEKFPBRICHWBEL, BARTOMNT CHEL OBEATEYE L DT b5
AL, KPERICHL T, BRAKROHEBR IS ALY » e APBE AT T 20T, kg
MRFA LTIV EE L bR, X, HEEERTIL, wall sided DBE, RAVELDERHEYET
Wh, LirL, kOISR L iDL P B %, BAIBRCZ Lk, ThiZd T e 15E~DOKFIR
ABDVHMT 2 L e EHRL, HANBVCE (BEMECI35) ) #EMECHSTRELL, X, X8
R NFHEBELIE LD, o, MR B, wIECR, FRTCHE,
(2) HiEoREE
ERKE—EL LT, BiExEr 280EBBM. NMB-012(L B=8.0, B/d=225) R
M.MB-013{L/B=6.0, B/d=3.00) it L 2Pk FOEREBHEREYH 4.1 4R 41 50F
T, X, AHEASOKEEYE4.1 6BV 4.1 TeRT,
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Rokia T, PHEKD TR, KRR, BrREBCRPLTEL, BKER~OBRE b IHHE

ﬁﬁb(vaa%it;vocmﬂm.%ﬂkwmﬂﬁRu.*Eh.mEV.%ﬁ%ﬁcpCgafn
¥4

R=(C,+ CoV*)Bh

ERbL, BKERYBHT 208 —RTHD, X, BokfRORKEENIEE: LT, 85D » DSy
2OLBITTHL5, DL, FEKDOEREZ, DECKATS LB BRI CHH0, BV
B AT 2KEERCHL T, SO REX AL RFETECLATEALTAE Lz, BALNDS,
H4.16, 4.1 TPLELrK, BRUPFHEHET 5 AERERC VTR, Pokii~—20Ex HED
ke e fB, Thik, BWRFHEETA2RETE, 4FV A% Er 0@ il cokom
B, KeGMOKRESRRCL o TELND T A —FANERL BLBEEO LD LY,
Eﬁf@*&ﬁﬁ@éﬁﬁkﬁ?bﬁ%ﬁk?vm6TéboEL,ﬁﬁ®ﬁﬂﬁ.G,DXQVE&D
BECHDRDLDLEZONBL, R, BKEBERIHL T, BEKBAOEEL Dl {inv b, HE
CEREOER LSBT -0k, JIORE,LCOMEERSGEE T D,

KIWEMRIL, HROKXKBHERIANTLE 26, SRR FRE LT, AR RoskR-~<—
ADFRET, KPHEEYRNT O LA TA D, COL HBAd O, KIBEMIToVT, KL
REDME, REL/B0d5C L3, HRERISHEAIND,

44 MENROEE

BokBFic, MREMTEMINIOKER, BE>SREERK» T TTHCEAL R, —EHRELK & 18
DAL, ThEOKRANE, BERYOHERLKEOBRAC L o THhRED D VI RETC E kKB Z
EL, 20—, FeSECLHATS,

BRI (M. MB-003) DX 5, BVEEYETHHRCL, NEHICEDALLEKER, KEOBRHIC
#RREM E OREH L EROBCHRBC &£ 0, PESCERT S, EL O3, BEIELTEHT
EvﬁﬁfﬁﬁﬂﬁmL.ﬁﬁﬁmiot.%%Hﬁ@%ﬁﬁwﬁi.Rﬂ?u&?ﬁmmlfboﬁﬁf
kA ORI, WHLDCHRRMFEORHONL HOBEKTIOKBAEY ETHERE D, X, 7
R SEADNKK OWAR, ERBEOERTOFRL LY, BELLHOKEOBEL b5, WK, X
BEoToh, Bkh OTHRLENT 5 e, EB~0OBDAIKEOTELREED, F o5
WAL KB ABOXE S 7 a7, MEMICIR A h 5ER 10T,

T o, BREIORERYRE) L THBEPRE TS OREQEY SO BNy, SRLRELTY
fEL, BT o TR OXBH BB L, ThiM.MB-014 TH%5, M.MB-01413, FEMNT
BT, EfiZIlnuid DL CER TR 5T 520, BEDCOMKEFHEOKE OEBICIE, ZOA
YERTOINENRS D,




h<0.5 m, Vs<5 kits

AN

- i
‘/
-
/”’
.~
3
e
E,_...ﬂ-"
"l':.\
1|

—-—-— M,B-003(FLAT BOTTOM}
------- }.8-014(RISE OF FLOOR)

\_  h~2.0m, Vs<5 Kts

ﬁKL \ \ ////
\ \
) 1 l A /(| i 1 \ i 1 |
: FP

region of rising-up of
brokan ica pieces

4| \

H4.18 WokkOF LR
FORCES ACTING ON A BROKEN ICE PIECE

BOUYANCY FORCE

HULL SURFACE

FRICTION
HYDRODYNAMIC PRESSURE

+ {INTERNAL STRESS)

AND
{DEFORMATION)

HYDRDQYNAMIC SHEAR FORCE

ms;:>5¢
\ \]IRECTIDN OF MOTION

Bi4.19 ®BKRREATHIHORZ b



4.1 842, REAROHEI KK OWREICBETERYTLELO TS, 2hirb, 5° BEOD
RESEMRES~BYALKE ORBIK, pu)OBEYEL S LS, AL, @4.19KFTE
ST, BokF BBy X T 5T, BEL LT, CASTOMBELMEHR, side flare O
HAEREZRLC, NESRYRETHLERDSS 5, 1, BVRTHLH 85T, DESCHIAL
RKRAOBLEYRBHI LWL ST, ThOoDKAN, BETTHOHRE - kBMcSE L fELT, T
TR o THAMAT DA —F TREVKBER NN I BE2 D0, BERNLETHS,

45 MmERALU-X

Y —Z2, HEBREED DHBER T FHRACEL 7 v ) ~ XTIV, &0k, BkBE
Coirlt D RER LD DY, FkiER O MM HLBEE ¥ 175 T L BT,

stem Y BB AZI 15 L LAM.NB-019 R, 27— HEHMROM.NaB— 0 2 0 D8k
POERHEBRER*P4.2 0BV 4.2 1eid, X, BEOUBEYR4.2 2 KR,

Q
4.0~ - [C2.4
RESISTAMCE 1§ LEVEL ICE h = 28 mn
M.NO.B-0319
3.0
o
-
o
2.0
1.0
0 1 1 | 1 1 1 J
0 0.2 0.4 0.6

VM. n/s

H420 EREBRER(M.Na B-019)
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stem AL, POKRROER LRI NI R >T2LBRMIB B, 207 FTEs, Fwokigm ks, Bkl
BLEIREOULVAELEbR TS5, B> G RBBY, stemf 15 OM.NB-0198EHHL
THGIEHR E <, BEIE L KMEREMRE L THEREC, SESRELRV, CoLbERTHb ke ¢, F
HEABRCEEEFOBEL B2,

AT~ REOM . NaB-02 04X, Bk~ 2 — 5, S8Bor L #dth, conventional CENE IR
DLEDOLRRE Y, BES~OFBKAE OB AP, FHEREBRIGETEL TV 5, EH2FEAIK
KE, Bkt s —» RRGERIC N T D BEOBES M CH ), Thi, #ik, »5KE, KETFTCH
TENEEDNED L O BAERO P CRERRL B L S5 L2 TRL T3, HL, BVBETH
BEHET 20O, AT —VHREDEANELS L L5 21, 2L BEYEL LR TORRY TS HEHR
bHH,

46 Cg v U—X
Cp v —RE2vTCik, Cy(naked)=0761 & M.NB-021 OERERLBITTTHLHDOT,
BATORTLAM. . MB-022(C;=0.773) OFEKOEARBEROZI¥F 4.2 3LRT,

h= 27.6 ma
o
4.0 - RESISTANCE IN LEVEL ICE
M.ND.8-022
h =28 m
1.0
Oig.4
/

on
-

‘2.0 |

020.6

C’/

66/

1.0 |
/ = 7 mm
©13.0
.1

/

Voo m/s

H4.23 ERNFEBRER(M.N B-022)




47 HHLOIC

i AORKES ( polar ice breaker )T o Tk, FHKFORBKIEGER T 2K EIRP ORIkt
BEOEEEE, EERCELTENPCE . 200+ OWKE s # -0 L e KBEBTHEL, RO
DEEHEVIFOKRT B L TEBIC A E £, SKERDOFKEEL 2O, REEE Lo 2RAS, #i
e EDKEIRBHBR I VB EAFEING, TOBEAPET, M 13, fore foot 25, BB\
W, reamer DBBE B TELERDA S L, APKFTELZEE T, >5BED side flare b
Triehd, X, BHAELLT, <32 227 ROKBFIATELVIBE I, BYRESESLEL
hH5.

— 49—



5. 200000 DWT Bk 2 » o — S St bR &

5.1 EF&H

FROLRE R REKEE CLBN S IEE NI NER SRSV THEETh AL 5TV B R,
EORMBIEH L UCIBH S TAELBMES LURGMEW.C.c L 9, X, REERBEW. .2 Frk
BRL, SERBENEOXREEYFETS L — SRR LEDL LTV D, HhHDEE, B
RUEDDI Dl o THEEHEH, —BEBSO\VbY BEFHEY T 5 LESS 0 A0 2 : (KL
o =%, TOELFMBECRRELTHORTRE CGREPOES, KA OREF AL D AhbREL
DCHETHENSLT, R, LEOEW.G.OBRLAREBCEANEOT — 2 L L H2F & B BOTE
FETE o L BAMTE S b UPREM L 20T <2 L EL b5,

() Bwatet
o fUBEBRE 4000 WA (F#)
( M7 — b WE~43E )
o IK¥GIERE : 1,500 W8 (K#)
(4&#3) .
°o Kk FI PEMiKier . — b, BOMKIEET 4 —bETH, THEHE OB I VTRE

(&) WIREANRD, BEIERMAEACHET 2308 5, KEROBEIL>CHH
05 9LFEEVCIK IR h DARBISEER b 4T LT SEHT 5,
o Mg K: 20m

o kol BREE . MEEHER 6 kg./ o
MERTH A 1 0kg/cf
o KO REE  HH#tHEA 17kg/ cf
HBERTH A 2 2kg/cd
AR - MRRM 4| & & -5s57C
(Fosd S, F_v—yar3t) KWHEE  -15C
xE /& & - 2T
® B 27%C
AR KR 70 kts
o #F N B oA ® 15kt '
X & R 5kt
o AR NK
ASPPR "ARCTIC CLASS 10"
2 £ & 8
° EBE Lep = 360m
BuLp = 52m
Duep = _ 37m
durLp = 20m

RETRFIOR IR ROKEES S CMBYRIAL, kB, 1V &, BEHES XOCEREOBERYHA
FTEBETRML LT LEROBIM Y RE L2,

o WWHE
o EMmft

D.W. = 200000 MT
o, = 87800 MT

BHRROR B> TRUGER



WRHAE 2p (gxr) = 287.800MT

o

KWK ClLIE L ORBEY RA P TH B, FEFHECEES L 1a, bCFETLIICB- 01145

B ESHRE ) ¥ 8508 LTEENR Y —SPEFL 2 02 REABREE L,

{ r—>1T10-1 ) FGEH LG

eT ISR

< TRER RRT VSN YRR TURIT TINZ TRRRC YERS MR TN Vehk TOIR TIWR TEM FESR TEAR TERE FYSd TEPEYOR Vemr 00N M Vel M TV Ny pam iy veer 1 Terr Towr Ams Vot Yaws Vias Fiow TN Vit VRO TheR Wk Vensk Thep Wi el Wl Vil Tl TUel TORT I

.\.\,..\“1\.“ _ .“\l_l h ' H . _ _\L|1|I|ﬂ ' _ _ __ __ | “ ! _ “ _/ .—ufr..,Vr_ bt k |_|.|...u.n4_|. _J_. _| _ 1 I_I | _J.._.p. —
S — B P i =t P 4 : : LN e s e : TN T -
Pif. Ny i / BEAIINNNNSEAYRSNERRY i RN
o " ] A X / N AN ANBNSNEEN VAN ST N A
S g I e i - - 11 NMRRSNNNANENEE NN
K A / / TRINAY NMNALEN AN gy N
| 4 / RTISA DA ATAN =N =N\ \
{ 7/ / / N U VANEALZINAY DA N i
1 2. / AR A AR W N NHA A
i V / A DN NN N YL
il / N4 ) W NSRS DN N ‘NI
LA ) / 1V WA @ S [N TEIN-T falih
Ll / ) N ANINEEAN S NWN . L /), “
Ll L/ X pd MANANAENEEE'S L AN RN ML
_ / /A pd ) N A NIANANA N WY
erdl- H \ \ w\\ - L // il/ // /// ; / . ..i:l|
1, % ] ™ WNANAN NN IR
, L i rd vl P ns _ NEUNE NV ___
I Al d ™~ WHENANNA \ VAN
w \%N\\ 1V E\ = q. ™ N b TN N, h / /\ ;
w = /. %I \\A? L h | AN N \ e
, . /] ) b d//IkN RN AN -] i !
i P / ) 52 \wﬁ . N AUENEA : .,;_/ N
] ,,\.,,1..5.\\ p74) AKX i L P LA L. RN EE AN NGy b ow ik IRV D
=5 L TE At LAY AN LA x.\} X YN \ Vo
IS A A _ S A AT Lt NER 0 A
A A e e A T T T U i g
_ AN NN SIS amy @7 qP 7Zis iilPas A\ \ YR EEERLEE
AT S TN RN _
! A N /L ALY \ y L (11 _
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B- 011##8y:EFLLBlilklcofBlEBogR, BHBCEAY T TR »EHREPC
RAEFEL AR AL, 22 REFRKEER Y B LRSI 2T (BT ) BEE & HIk
AnthThE, ¥EALR-BEEFoBhIRREC>WTRBEEEOCBEA LY, fpEHcow
T LA R Y ST o oRES ( 4,8 00MT )X 5 Bfic L 5, X LERRD X ) Kk >
VTS EOEREHEIC L D EAEERTFA TN, FAHMERL TATETLALY Tl TRE
HEBEORERIREECRS T TE TS 5,

o RIBMW
- FxZr I ABT.246,000m
SAFRMA¥Z . ABT.191000m
F.O0.4>% © ABT. 38000m

LB O HEL 083 > L1,

HATA YA LIV TACHEESF AL A2 ( SBT I kL, 7ak85 2 EFOEKER
LRTAETOERY b (T4 X0 P8O ), F. 0.2 7 BERCOVGIHHER,
o X .

s h o EESEAMA A #1800005HP X TORPM, S kts

33 ) (C&W)
EEHEHBID AT 100000 SHP X 58RPM, ~#
(ki) (C&W)
dmE Rt &t 45000 SHP X [ 54RPM
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FEENSE : 3EEEDNSE
Fu~3 . DIA=10m, CPP or FPP
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FETERRIUVEBREC 2 o TOBEARLTORY A5,

o MEAKEOVTER - ) v ZEEAT R U BRBO K -7y — b Y BSOS EREYRY CHTT24RE
TRLEFIVERZEL VY, TOMOMKEFLEEROL2 Om e #EL,

o AAEMC 3 B L VBRSO T A EREFERL (BBEA TR A AL ThTu e )
B, PEXCEEELTS, FBCAS XA /2R T2CAE 5222 SBT )2 LY 4
XSG ALEIDOMEB /5 E, TEEEIEB 15 EETE, ¥ h—TE ST
2 —CEREBL, BHFE50000m BTFrLi, BECED 1973 Marpol RUFaba—a
7T BDHB TR P AN ROLSBWPMB ( PL ) OERFHEYH LT D,

o PFARROBEE 2 v 7 —CHAKHAPBE L Z B HBEESNERICE L, X, FEEO LR
BESE X5 B GEH T ) AOBAL VHEBARAK ST A 22 BT, R 5L 2R
TREIDPHBEREC LD THY, TRMRAC LV EPOEBEENSEOBIAIC LV I L
Kith 5,

4) BHER
o IOEEE
BEEBCOVTIRiRE 2 v —<—-x2( 2 LONG. BHD) O#E52000 +>»RK_HESH
2000 b RCASPPR ©Class 10 OX#HHA 24,000 b M TiH 78000 b
L, ¥EREGIRG=3m ( Aftward ), KG=188mrREL,
o MMEEER
IHHRC L YR YOTBBTIEAINRLD, o TCRTF—Erkdrs—v - OhfLEL L

T6000+y, TEG=120m, KG=DALL¥,

o koff
Mk, BB (ESEEEEYERL) 2 Y E0fbbRT3800r >, FAFGC=95m,
KG=DEt L1,
L 43EHE87.800 t¥, HG=113m, KG=20msREL X,
58 F.O0.Fr2ENR
F.O. 22 5HuAEREEHE 5  OBNEBREETINDAZLOTCHLL, L CRYGTAONEHE
ELCHRTCOBRA Y dEr - —THEHEBL b TRICTT L 5 i hBEIE VREE R Z L fie < —
MY EEL, EEMECLELRF.0.2 2 BFRYEHL,
ILREEHIG 9B R THEL KR T — 2 0 L DM OXKER Y RET L RCEEINLE
BT OVWTEELEF. 0. A 2 E Ry L L0 5RE TS 5,
o PEHIMDOFHMEHER 215¢r” SHP, hr.
o fiME—F Bk H;2500#E 45000SHP, 15kts
sk¥gHR1; 75 0#HE, 1000008HP, 5 kts
(F¥EkE67 4 — 13

kg2 ; 750%%, 180,0008HP, 3 kts
(FKEBZ 4 — b )

Lo TCRFEAOECGESEREAIN N1 8B, 5kts LREL O E T, T3 kts

ELEOE, VbR EELHAYRokA TN, »otoMET— YOERY 750 BEL 2kENES
L Efiotk0LFROBRK LIS, 35, HEAF.0.5¥%E@L, F.0.2 7 Fikid kit X 58
BEO2EBLE L,
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(i} CERSETE
Rk iamS e BT 52— AR 2 5 Sy UL, PEYER, BHELL,
KEKIE A~ H —ORBDEPP KA IN DS, BEMEABTIL L, BRTRRTL S,
(i) et @ 55moER :
RIER L CFROBEEFEL LD, WEXRAZTEL~—R LT, TREAEZE~,
e ASPPR @ background
o USCG o%im
o Canada { Arctec Canada, Dome 7L ¥ ) @ paper
b) WEXR-RRLICXRDPESE
. BFiRBL 2 SHoXRO—KRE:PREBL D, B, KD, RRF, BF(BRE) X
BYXFRROBHRTHD, .

SNAME (The Society of Naval Architects and Marine Engineers)

ISP (International Shipbuilding Progress) |

POAC (International conference on Port and Ocean engineering
under Arctic Conditions)

IAHR (International Association of Hydraulic Research)
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©) Development of Ice Breaking H.F. Johnson Trans. SNAME O O O o A#KH Ice Breaker D

Vessels for the USCG Vol.54 #at - B8 (USCG)
(1946)

® On the Ice-Strengthening of B.H. Johanson | I.S.P. Vol.14 O O O o Baltic Sea {R(KE

ship Hulls. Nal54 800mm)
(1967) °  B47Finnish-Swedish
Rule © Base
® The Design of Polar Icebreakers L.C. Melberg SNAME Spring O O O O o HAIEAM
Meeting
(1970)

® Advances in the Development of G.H. Levine Trans. SNAME O O o Great Lakes Bulker

Commercial Ice-Transiting Ships (1974) L Arctic Tanker D%
7 —=< ¥ AR

® Structural Considerations in the B.H. Barber SNAME Ship O O O o BEDT— XM
Design of the RIAR Class of Structure Symp.

Coast Guard Icebreakers (1975)

® A Model to Predict Hull-Ice R.A. Majon SNAME O O o 110000DWT Tanker
Impact Loads in the St. D.M. Beranger | ICETECH. '75 R Impact Load @
Lawrence. C.J.R.Lawrie (1975) Simulation

@ Estimation of Ice Forces on the D. Sodhi et POAC '77 @) °© ice belt TOEEFHIK
Hull of M.V. Arctic Explorer by al. (1977) U'FEM & o H#k
Strain Gauge Measurement.

Results of Full Scale Ice Impact M. Dunne POAC 77 O o  FEEMIR UOKFTE DM
Load Studies aboard C.C.G.S. P. Noble (1977)

Norman Mcload Rogers R. Edwards

® Long Term Measurements of Ice J. VUORIO WINTER NAVIGA- O o T 4VIY IRk X B
Pressure and Ice-Induced Stresses K. RISKA TION RESEARCH EEH
on the Icebreaker Sisu in Winter P. VARSTA BOARD Report
178 Na 28 (1978)

@ Ice Effect Trials in Arctic P.G. Noble Trans. SNAME O O 0O o ASPPRO-S» 27— £IX
Waters on CCGS Louis S.St. Vol. 86 S BT ADD D TeEHE
Laurent (1978)

@ |A New Icebreaking Concept A. Freitas 5TH 1AHR o RAMTE— MIC X HFOKMA

(1978) BoEFAMT X

@ Ice Breaker Trials around J. Schwarz 5TH 1AHR '®) O o Air Water Jet BRU

Spi tzbergen (1978) Bow THRUSTER 3%&fifok#R
DRBETH
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s W@ #r E | RAEAR W = €— M [ k&&AE E o InREE BHE |7 o~
"R 2 E KETE | BT etc
Design of Steering Gears, Rudders,| N.V. Laskey Marine Tech- o Arctic Class 2D
Rudderstocks and Propeller nology, Vol. 17 Bulker @£ &3 { Fi
Protection for Canadian Arctiec (1980)
Class Vessels
Ice Impact Loads on Steering B. MENON POAC 79 O o HEETNLEMRIEL
System Components of Arctic Class | P. NOBLE (1979) D g
Ships
Ice Forces & Accelerations on a P. NOBLE POAC 79 O O O O O o ME-KEOHE/ERDOE
Polar Class Icebreaker W. TAM (1979) T4, E&E simulation
B. MENSON & EREI E OIS
I. Bayly
The Ship-Ice Interaction E: ENKVIST POAC 79 o WHKROERIELE, KTE
P. VARSTA (1979) KOV TORERVASHRDRE
K. RISKA Zz
Summary of Selected Technical A.D. Mookhock SNAME O o 290,000DWT Tanker
Results from MANHATTAN Arctic R.P. Voelker ICETECH '81 DRBEFI X ST
Marine Project. FW. Debord (1981)
Technical Development of an BM. Johansson 7] E O o 200000DWT Tanker
Environmentally Safe Arctic A.J. Keinon en (1981) DEEET
Tanker
A Rational Basis for Hull Ice J.L. Coburn =) £ O o MW SBEHK
Strengthening Criteria (1981)
On the Structural Analysis of P.E. Xirouchakis [ t O o RIS DRE A
Ice-Transiting Vessel. R. Stortstrom (1981)
Results of Full Scale Trials R.Y. Edwards = E O
in Ice of CCGS Pierre Radison M.A. Dunne (1981)
(R Class) B. Johnson
Application of Plastic Analysis Richard Chin . ANNUAL MEETING O O @) o FL\ARIERE
to USCG Ice Breaker Shell SNAME
Plating (1981)
Performance of Ice-breaker YMER | G. LILJESTROM POAC 81 O o IGIF L EBDEE
on the Swedish Arctic Expedition | K. LINDBERG (1981)
"YMER 80~
Ice Impact Load on Ships I.F. GLEN SNAME Arctic O O O O o KEIFH~D ASPPR HEA
Sect. DEER
(1982)
Ship-Ice Interaction Models. Vlodek Laskow| SNAME O o MEKLKE: OMEFTHORE
Designer's Approach Arctic Sect. T NeiTo59pEeT
(1982) HER
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XHES * : B ' Ho# R U O OE
) Development of Ice Breaking H.F.: Johnson
Vessels for the U.S8.C.G Trans. SNAME, Vol.54, 1946
8] =

FREHUS C GAMKERSCEBTZ IO E - ZERHOWIND 25 2, MACKI NAWORE - it
b3 TEHEBLA SO, USCOEAFBH R IMOFTHE LA LI A - ADRH2 RAMIFE D, 24
K T ALATER OB, FAM O OWRKE EAMSERFTRAROEROLERICL h ARFEMS DS
2P THB, TDLENUSCGRHIEBEOBE LT, ROL I ZBFERT L L%, D KegiE, Ot
F Rt nRE W &, @K KB o~ FBH LT &, D+FAMEHE, Qv+ bk EAEEIATC
V7 b3 A3 (RRIEH ), ®Sloping forefoot, @Sloping Buttock, ®Forebody WHEELA
Aftbody, @Fore Propeller, @Aft Twin Screw, @Web, frame ©®X ‘%2 THA2HZEDK &
LTr7R7v—a, @A T2 A2DEV1rame space, BWEBE--- K, QHEHTCant frame,
Ice beltOFEMES LT, BAXEEXWATER LINE LENGTHCHL, FlASET L -2t (A
Beset BRRATICLift 35 ) %&Es, BHERIELA,

2AMND 2 522 LR CERNEET, tABERIA 7o 2 TEFA LG DA,

XHES # : | H #& R UF & &

. . International Shipbuilding Progress ;
2 On the Ice~Strengthening of Ship Shipbuilding and Marine Engineering, Monthly.
Hulls Vol—14,N154, June 1967, ohansson, B.M.

g7 B

o LROBHAKL>TBaltic sea @ 200 BEEL ANMMTHRIKOVWTE D ice damage OFMEMEE
Lico HRBHFHILE ice classHoBWOHL, S 34 4, frame TXRICITHI, rigid—plastic
analysis iCL b BRETKEMNRE Ih i,

o #Hit Bow, Midbody, Al tORESE part WH LT /2Py t~—2CEE IR TN, el i
& ) displacement, Ps ¢ shaft horsepower

o ZZTHXBLLTEEORELTEL, 800mEiRELTWE2, ik Baltic sea TOWHDPONE
AN OTH D .

o HEBFEfOBE, RN TR KERY LAER Cdframe 25 <¢, EHRAOBERCEFE~Tdplating &2
HnbhnstladR LI 2,

1A, BITOdesign T EHRA EAANENCE (Ko T b,
o plastic design KX bplating, side frame, longi. frame OREFEMERIN TS,
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The Design of Pelar Icebreakers SNAME, Spring meeting, APR. 1~3, 1970
— L.C. Melberg et al

B B
1. Tcebreaker design ©®Systematiec Procedure L DWTBH L7c @ TDesign Spiral o> TK
OBREE S LB T b,
A) Owner Req.and Development of Mission Profiles B) Proportions, Form
Coeffi—and Independent Design Variables ¢) The Bow and Forebody Form
D) The Stern and Afterbody Form E) Icebreaking Resistance F) Powering and
Propellers G) Floodable Length and Subdivision H) Propulsion Machinery
I) Hull Structure J) Beached Intact Stab-ility K) OpenWater Speed
2. ZhboMEtd Computerized Mathematical Model THAITRICHIIIMCE T2, Design
Optimization®CHW LN B Criterion dTotal Acquisition Cost T b, FOHEWEA) The
exponential random—search optimization technique £B) The sequential unconstrain—
ed minimizationrTechniqueﬂ%%oDesign Variable LT623%bh (SHP/», &, L/B, B-D,
G . G ) Design Constraint &1L T42%5, ( Endurance., max,ice thickness in the
Continuous Mode, Beached Initial Stability, Free ~Route Speed)
WEW 2, 30Case Study DR Tdi~%,

XBES # . H & B & F &

Advanees in the Development of Trans. SNAME

4 o 11 TeeTrameiti . Nov. 14—16 1974
ommercial Ice—Transiting Ships — G.H. Levine et al

m B

A.D. 20004 % TGreat Lakes Coal Carrier & Aretic Crude Oil Carrier ¥ B F24H0O7—
AR TEME LT3 #4ERDAD, Model Test, Full Seale Experiment, Technical Design
Studies %17o 2,

Technical Focus it

@ Ice impact load on the hull

® Reduction of resistance of bulkearrier in ice
Tdh, QER2WTEGreat Lakes Ore Carrier "Leon Fraser” T2 #EOFBIM £, @RDNWT
HExoFEOSbiE AT —F+— L b Air bubble 2 32 Air Coating System XL,
FBITT X OHREH D7,

FROWHEB L LT Ship Tehnology & & W Shor L Long Term Ice Forecasting, Loading
Terminal Design, Crew Safety, Survival, Navigation, Environment Protection $HET
Db, BHEWAD.2000FCHELINDLET DOGreat Lakes Coal Carrier, Arctic Crude Qil
Carrier TbEF L AWOBERT L@ Development Scenario #1BEL 4,




XRS5 & : Lz W # R U £ £

Structural Considerations in the | B.H.Barber, L.M.Baez and G.J.North U.S.C.G.
5 Design of the POLAR Class of SNAME Ship Strueture Symposium
Coast Guard Jcebreakers OCT.1975

i -3
1966F KT >R USCGDONEW POLAR ICE BREAKER PROJECTTHRI & LT Hull
Form, Powering Predictions, Hull Structure (including material) KEMTF '\ TREH
Thbhit, Tz THHull Structure @oNTR~NTWwA, ICE BREAKER DESIGN WK HWTiE
$LA L EBT - 2B LEATH B, USCG MBFWRERMILAWIND GLACIER CLASS O%#
T+AAFCLHNEW DESIGN OfFfit, FEM etec KIZERHAGHALT, fToTwbd, L O D
NROEEBXER T F N e
@ Load Definition, & Framing System, & Allowable Stress, @ Analysis
Method, @& Hull Material, ® Detail Design
BohkEabRdKoLs b,
@ WIND, GLACIER KW TitPlate L Framing 25\ & 234 » %, { Damage 1 b )
@ NEW DESIGNTWBESETXL 300psi, BOW & STERN IMPACTRXIL600psi
& L7
® IMPACT LOADWS.S.2TMAX.&t% 3%, (THEORY, DAMAGE& %)
@ Preferable Framing SystemilTrussed frame Tii% ¢ DK % Frame( SHELL Ex.%b) @
Grillage Td® 5,
® Hull Steel Rey . KDOWTKAR~50F, BARPX28FL LASTM—AS37%ERAL%
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A Model to Predict SNAME ICETECH '75
6 Hull—Ice Impact Loads R-AMajon -"Aretec Canada Ltd
M.B e
in the St.Lawrence D.M. Beranger

C.J.R. Lawrie--Waterway Develop. M. T.

B R
1. Bk oxihzed, #HA(L
2. BELIDKE OWMERRCH T LIEEBOERBOMN M ( 45 Impact Force KELT)
zZ i, Ak Rigid Body
k8 o Crushing KT OHE&LCrushing + Bending OB 4
o Rounded Edge @& & Angular Edge B4
TR -2Tn B,
3 EETHONAHRBLE ~EZMANRBRL LI TR OEHBLAE, COEFATR(EYELTRE,
—Impact Load &K[EE @AM
- n LK OV B & OB
— # & A0 & o458
4, BEABIKTII0000DWTO/T MR EEBETTALTY I 2 V=¥ ¥ 11T\, KTERUMELT
fEBRTR & FHL,
5. Impact Load KRRt 542 THRHEKO2 <54 + Vs 24— ~<—525 (K, 0k OB, kod
VP o, ROEMME, kokxkd)
6. X, BOBRCOWTLRHEL TV A,

XBES *® : 2| B o R U X E

Estimation of Ice Foreces on the POAC 77

7 Hull of M.V. Arctic Explorer D.5.8odhi, L.Button, R.Boetes
by Strain Gauge Measurement M. Aroc¢kiasamy

L
L= 4 24MOEBERMOLERKTEIC 20 O Strain Gauge 85D, FOKBFO Strain FHIAIL L, . BHH

RREEEWE A+ % FEM TRAARERE B LTWELHESL, BCA2 2B EL2TLABRICONT
RIEE AT B,

EEZHROBEORIE, $>:%{DStrain Gauge 2LE L1,

—64 —
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Results of Full Scale Ice POAC 77
8 Impact Load Studies aboard M.Dunne, P.Noble. R.Y.Edwards Jr.
C.C.G.5. Norman Mcleod Rogers

B B

FELOEMNEREETD L, SR 2 4K Gauge /D, KEWME LAKOStrainkHAIL, Strain
it Swinging Pendulum CXbCalibration LTIHE|BRBLA T A,
XREF 6 O T A~ L OB, RUAXMROMERE L0 RBRIIRIN TH 2, BFET A~ LTERHR
EbinH0rder BHICRE>TWRn5,
fufh & © B d b, MEBRIFTEICKE (EETL LR~ TNnES,

XERES # : & B o R U OF F

LONG TERM MEASUREMENTS WINTER NAVIGATION

g OQF ICE PRESSURE AND ICE— RESEARCH BOARD

INDUCED STRESSES ON THE Research Report No 28
ICEBREAKER SISU IN WINTER197§ J.VUORIOQ, K.RISKA, P.VARSTA

o =

HTH-— 2T, BHAFELSATHBENEFETEON IO L RL fto &) O, KEN KR
PHETIEEEORVETe FAditho kL, RRKI->THBOAAThLOTF— #5BREE T
DEIBBRE A TVEWT EERDIF LR A,
B — IR AHENAEFETHRENPKFELRIB LN, X, 2UTEORESNTELDATS
3, £CT, 40, EHENAKENERATAFEYELLCL LR o

Bl — ~<aF 2B THREMTTAHRMIC OV, TORMETEYROALADICLERT— 5B AL L,

FHE— 19788%, 74 v7 FPOWKIR "SISU” 2o T, #x=7BAOHMITET 5,
Ly,=96m, B,=225m, d,=73m, F&— 3K, KEF2 %8 shell iChh3, #EFH
EB4% DK LIKB <, -, kHEtOcalibrationdOREAE, OAEES, ONBRFTEE, @
FEMBHFIC L 5 %o

R — ERTOoREETHNASPBREO YO TH o i, KiRidpack ice, ridged level ice, land
fast ice LMo THh, BIKERS O, [BR—25CT~+5C. £ ¥, KEEHOout
puthMEMB LA LTS, daily OBKER Y S AFHICHES & & 53 L, BAMFORIILS
H0.7 0y, BAOKEHIES 8kef /of s BEIMAML LCHE, 0.80y, 110kgf oo
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Ice Effect Trials in Aretic SNAME Transactions, Vol 86, 1978
10 Waters on CCGS Louis §.5t. PP—277—303
Laurent —P.G.Noble et al

B O
1. St.Leurent EB+#E L,," x B " x D" x 4" x a2 x p.s.
111.7 X 2438 X 131 X 899 X 13300 X 24,000
2. 1970 4CFRTIT>AEMEB ( ships effect on ice, penetration ability in ice
cover) IT5|5#K%, 197 7&EMAY~JUNEW landfast ice X iTice effect on ship DA
2T ofte Chb—MORBIZASPPROBack —up data REOCBEA S5, HHEIESRK O,

1. ice type/ distribution/thickness/propertiesice load

2. ship speed/thrust,/ torque “acceleration strains

3. correlation between ships speed and ice characteristics

ch & OB 1.Continuous icebreaking mode  2.Ramming mode ¥ TfThbh, KO I b 2R
HBoht,

1. Visual observation 15 Ice coverage rate BERTI0FL EOL B8 0~9 0%EE
e L 5,

2. Continuous icebreaking mode D ELAFEHHKEWVEYL ice load BB L, T ANEREL
nonperiodie T2.33 g (#HE) regular eyelicT#0.5g (Kt ) T3 5 7, ramming mode
Tt 8knot @& & 2.4 g (BItk) 222 ice load max. 2251,

3. ice thicknessX0.7~2.0m(mean 1.22m)
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A.Freitas, J.Schwarz

11 A New Icebreaking Concept
—5TH IAHR, 1978

% =
Dr . WAAS #8K I ANEW ICEBREAKING CONCEPT%¥HSVA®DICE TANK TESTIKLD
ML A D TROMESFRE S 5 T b,
(I the Pontoon type bow--JkKid#irf L b 33 AKICE L TRBICHE O T Shear mode Tice
breaking TAZ &%,
@ the Extra width of bow '~ Free channel without defficienecy of propulsion
@ the V—shape of the fore ship bottom - --Dissipation of broken ice
@ Auxiliary propulsion system by reciprocating p]ung‘ers inclined afterward
in way of shoulder runners.
TANK TEST ITEMi
(@ Resistance Test @ Self—Propulsion Test & Manoeuvring Test 4T\, ThENRAHFX
HEE8
ChtLofRE s LCDW. 105 @ Icebreaking Tanker ZEAFETT228b T 5,

WAAS 2855
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J.Schwarz and L.Hof fmarr
Ice breaker Trials around
12 . Hamburgische Schiffbau—Versuchsanstalt G

itzb
Spitzbergen 5TH T AHR, 1978

" =

B ORN, SHEE4HOProject TR 1974 ERBRED9,500HP, TWIN CPP, TWIN RUDDER
KORT NOZZLE ©SUPPLY SHIP #MWTSPITZ BERGEN #, 60~30m ICE SEA
RENTHUTOMEFULL SCALE TEST %#%#tiL%, ( M.S.WERDERTOR)

@ Icebreaking Performance /Manoevrability in ice

@ Physical Properties of ice

@ Interaction of Propulsive System and broken ice

@ Strain Measurement at bow

® Experiments or Air "Wat er—Jet"System and Bow Thruster
WohiData lBEKPerformance /Resistance B3 %30T FEEIK Hamburg KT bk
Model Test Results (B I hi, FEI2&HRIEIKOML,

D Power~ {Ice l'.l'lickness)2 Curve W T Low Speed Tit Linear TH» 5 2iHigh Speed ( Tknot)

TriHump 0 ( as MILANO Predict )

@ Water Jet O ICAir TRA A5 “Air—-Water—Jet"System i Low Speed THIHRID 2,

® Bow Thruster HfEEHEEEICKE (F5T 5,

@ B312mOki7o~FIEEAIN TS damage W AVHThrust 28K& ({EF T3,
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Design of Steering Gears, Rudders,
13 Rudderstocks and Propeller Prote—
ction for Canadian Arctic Class
Vessels

MARINE TECHNOLOGY, Vol 17,M 3
JULY 1980, PP. 267—280
—N.V.Laskey

B B
ASPPREHE IR T ZHBOP THREKET 5 30T M LA LE#ES 2 {, »oFAE1fTbh Tn
Vv, ASPPRIESS Manhattan ® arctic voyage ¥ BERLTEHIhA D CReview & Revision
ASETHO, HKFull Scale Test H4%EMLINEINDODOH5E, FF—ICLASS 20"MV
Arctic” 28B/BULK CARRIER® Voyage report X & LTEEWLT, ASPPROEvaluation &
New Design #HREL R,
(1) Auxiliary Steering Gear
IMCO ABS, ASPPR@Req.Zififct $©& LT @4 ~Ram Electro —hydraulic Steering
with Emergency —Rotary —Vane, @Main and Emergency Rudderstoeks, Tillers and
Connecting links T L7
() Shoek—Sensing Device for Steering Gears
{3) Icehorns for Protection of Rudders and Rudderstocks
(4) Reinforcement of Rudder
Ice impact X LTH Trailing edge #*Weak point ZOTHI{Eup DB Heavy Plate
edge & Hori. Stringer type £ %%,
(8} Arctic Ship Propeller Protection---- CPP in Nozzle & Ice deflecter ring with
ice Knives © Combination#‘Best.

XBES ® ' i H o o# R U ¥ &

Ice Impact Loads on
14 Steering System Components
of Arctie Class Ships

POAC 79
B. Menon, P.Noble

wm =
ASPPROFEMARD rule 2l Et T5 2 L BB LT 5,
HB\HETIC 1 5 &, Rudder Stock DIENBHHE N,
HEHEmode KIHNT 2 HICKOH Y H KD TEHNILRD b, ERMHETSO Y= FrdEbriav
—va YEHETT-oTnb, STEMERE "PIERRE RADISSON” ORBHAICKE L v 2 L& o Th b,
PIERRE RADISSONZHKLY, SEOKEETHREL TV Iab—v 2 »EHETo T2,
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ce ces
15 orce ccelerations on a P.G.Noble, W.K.Tam, B.Menson
Polar Class Icebreaker
I.M.Bayly
" B

BEZTEELEL, AEOKBEFEREBET2HFE A AR T av— Y »HEL T3, HERERT
LOUIS.ST. LAURENT OERRNAKEER, EMHMERLIMIEHR (A>T,

COFRRES LI, POLAR CLASS OoBk#i©oEL LILAZOPERATION MODE A Ice
Load ORFMEAR EHA LTV I,
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POAC 79
E.Enkvist,P.Varsta, K Riska

16 The Ship—Ice Interaction

LA

Bk OEF R, Ice Load KOV TOMROBREMBL, SHEBGCMBS SEFRI~28REL
WNTn b,

poa i i . ] B o8 Rk U X B
Summary of Selected Technical SNAME STAR 1981 No 2
17 Results from Manhattan Arctic A.D.Moockhoek R.P.Voelker
Marine Project F.W.Debord
i

Manhattan SQFEMM%E ( Arctic Marine Project) KOWTHTO4HBX S TBBELR~NTW 2,
I Manhattan BOXER~O0HXBOELS, BB
HREORE, EH f# DEMES
I EBRMBOKR(1969&1970)
108, 5, WG (BE KWE RaIFICHEHR ), RBHERL a2
0 290B2rr-0HBA(1071)
THERTRILBMO2 717 ) TORE L HEHNOBPBEL DN TRNTW 5,
V ManhattanBOF— £04% OffnE
Lol 0 FHoRENoftEtdbe, LEF- St BUOMATHIRNEMATHLL &, BICHE, HHom
Bra b LEBOLR, KEES~ ( 2e¥#7— 21, BRA - 73N TEDAFER)
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TECHNICAL DEVELOPMENT OF| B.M.Johansson DOME

18 | AN ENVIRONMENTALLY A.J.Keinonen ete EEEF‘OLEUM
SAFE ARCTIC TANKER SNAME ICETECH 81

0w =

1. Kigoriak B#/ ( Spoon Bow, Water Spray System, 1 CPP with Nozzle .Reamer ete)
2. 2008 Icebreaker O/ T OFHAREF

~ 200000 7Y. ICEBREAKING TANKER ~

LW, .. 2IT7Q M.
<- T e
ey - }—

carga tanka

autboard
BEREME ASPPR A.C.10 modified
* A.C.10 KHIG T 218, MEORARETREL T2,
s ISNERY 2T 2 0EE
oM, Cargo Oil Handlig System, Remote Sensing System
£ (iRl
XEEE = : & o R O ¥E OK
19 A Rational Basis for Hull S.N.A.M.E. STAR 1981 Noal0
Ice—Strengthening Criteria J.L.Coburn
W B

o HES R IBE « FERATREIR TWHKEEIOHull Scantling DREETHHETL, Scantling
EETRET L,
o7 AU ADOShip Structure Committee (SSCISRI26 7L T TbhAid @

SSCOmember i, Military Sealift Command, U.S.C.G., Naval Sea Systems Command,
¥WfME, A.B.S., U.S.Geological Survey TH5,
o Seantling ¥t E T 2F L TREECHITTEL T b,
First Owner OBERICL DEHTHEMW, BF3be23ERefQNC LI BRUPETE B,
Second Table 3 L b Uniaxial Crushing Strength HET 4,
Third First THREo%KELD i ( Triaxial Factor YethE 1 5,
‘Fourth BEFTE T RE T 5o
Fifth effective ice thickness 8T 5,
Sixth HEAR O BEREE 23 H T 5.
Seventh frame ®Section Modulus %EtH T 5,
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SNAME STAR 1981 Nall
P.C.Xirouchakis
R.Stortstrom

20 On the Structural Analysis

of Tee—Transiting Vessels

% B

T, KEBRETMIT T2 M0 AD REBSide Shell MEONTRKOMRE — FEEBLTHE LR
EL, Side Shell Stringer THHEEK FOBeam & L THR 5 FEE DWW TRNTW B,
CERATFR: )
1) S8 2K E OFfi--- - sk OB fte — MR LR (ML FRE)
o KERFXTOMEE— ViKFOITREIND, (BHHELL TR S )
2) RGO e AL
o §5{&M1Ei Stringer R Trans Frame® bh AGrillage MiEe 43,
o Stringer ¥, PR ( Tr.Frame ) kK &b, 2O Tr.BHDX bEFahAaRLI AT,
¢ Tr.Frame ©LTHMEREHRIEEIHoPMLET5,
(#F )
HD . . (Me) HD . =
1. (UTr.B" "RJ1 (DLongStringer Bending Moment  (3)TrB  Bending Moment H, #EKT-19 A —
#8, 1, STERIN, £-°5 4 - SRAMRTALEN X Tr B Space DIIKH L, KATH gL 7
g

2. Side ShellStringer i, Tr.Frame KD WREINL P ERTHF MUK LD Beam & LTHIRL 5,
(BEC ) M £ BiaMARE b,
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SNAME ICETECH '81

R.Y.Ed wards 1. --:Offshore Tech.Corp.
Ice of CCGS Pierre Radison M.A.Dunne, ete - Arctec Canada Ltd.

B.Johngom «ssroersecenan CCGS

21 Results of Full Seale Trials in

B B

"R class” & LTHBINACCGSHROMKI " OPierre Radison " OHMERE OAEICE » TR
Th AL ( Summer Arctic Trials & Winter Trials in St. Lawrence, etc) EROMETT
E4HEBER WIholReHEEERE LR,

@ kBPEEELE( Level Ice Transit Performance)

@ # JEBIHEEE ( Turning Performance in Level Ice )

@ KREKFTERKXE (Hull~Ice Interactions )

@ 7o ~3KEME( Propeller—Ice Interactions )
@O WTHISZ #PCStrain Gange 1 47T Pressure Gaunge ¥, EHIData FMEO KKK
BRSEO FEMMELITWKHE-REBRE 2 Oo0ATE S Th EFAAL TW 3, —A, KEKOWTH, FRIC
A3 DKE—~BREE OPATHEERI Y RO TN S, HRHWHUSCG "Mackinaw " EFFR LA %
RLTW35, ete.

® L B d

86.11mx 1922mx 6.08m, 13600HP, AC—DC, 2@ 14 Arctic Class.3 (Lﬁl{;;&\‘jo%)
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Application of Plastic Analysis Presentation at Annual Meeting, New York,
22 to U.8.C.G. Ieebreaker Shell N.Y. Nov.15—21 1981 SNAME
Plating —Richard Chin et al

"B
L.

U.S.C.G. i34 Type © Icebreaker THE L T2 /228, %D 3 Type OBAMMERIT L 2 damage it fra—
ming ® tripping/buckling BETAFAEEEL L o%s framing KONWTHY = 7FE{(LAb,
lateral support ¥BMLAD LTHE LA, — 5 d~ICDnTitplastie design® X D RETHEL,
framing &0 F ¥R bb ok, THTHTLEKIDPWIND CLASS(L=82m, A=6500¢t ) TH
100t OFEEM & & be

2. B¥FOPOLAR CLASS T3 —hinge strip plate @plastic design ¥TRALT»EHA5 % (¢
WoTWidg ( p=79Mpa for bow/ stern )
Z®plastie design Tidmax, eternal deformation of panel TIRIED 03 %L LT3,

FEM Analysis Chteo, =25/35/56kg/MSTEEL KOV L5~ HHERTt=22~3 STy
LTHBSAK LI HELTWREEAL T S plastic designOZ & L Ultimate strength @

3.

check % L7, ¥OFRE A r0collapse 2 TRIEZ 5% bO residual strength 2idbs L85
7o

XRRES # A o ® R r EF F

Performance of Icebreaker
. POAC 81
23 YMER on the Swedish Arctic

. N G.Liljestrom, K.Lindberg
Expedition "YMER 80

L

Lpp =96 MO ¥ = — 7 Frokih LT 1t 5 R A FHIRE R0

TVICLANKREH, 5, =52 F, rm, Lee Belt © Stress HEMflEhko

Stress 3T ERRBBREIRTWAWE, ILHoxb, EHOKHAIHE EXFT IR T 5,
Fui DR OHEBIEOWTEIN TV A, '
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SPRING MEETING—ARCTIC SECTION,
24 Ice Impact Loads on Ships SNAME, MAY 15 1982
—I.F.GLEN, C.DALEY

B E

BEDOME#% LiItl-> THE AN TWASUPER ICE BREAKER (UP TO CLASS 10 )it
Extrapolation Design T3 20T ASPPR % FWREINTYAIce Lond BMEAnZtRTTion
ES i LB H L, COMOBRIZ1981 lce Tech®Johansson WI-CCLASS 102N T
bhfc, T Ttlee Condition, Ship Particulars #EF LTYear—round Serviece Ice Breaker
©Damage Probability ¥HEELALZ A OWRHATHANADT, Model Test, Full Seale
Test, Theoretical Study, Damage Report %% &iCFuture Ship (% High Power, High
Ability ©% @) K F5 Impact Pressure /Load, Bearing Area, Hull Girder Stress etc @
EutBHEA T RD, 5 R Johansson, Tunik LONAOWM £4T-%, T4 ASPPR &2 2THBb
hifBLOHB LT\, ABICL2 513X ASPPR RARNTH 22 L 24HHAL A,

XREHG = : ) w o o# R U ¥ B

Arctic Section of SNAME.
Calgary, Alberta, May 15th 1982
— Vlodek Laskow ( DOME)

Ship Ice Interaction Models

25 ,
Designers Approach

8] =
Bk EOHETH L UTO= - FRARLTEEMNT 7 2 - 74475 Th 3,
1. Head—on Impact on Iceberg
A BAOK LT IR 3 2 R B REEHE (B ) D ice wall ~ORBEEELL Tz A A% 17
FA L bR > T B,
KOFEL LTHROREBICR T, FFMOHICEILT 5KELPHL LA Specific Crushing Energy
ZOMBERTERLTr ARKERLS 5,
2. Impact on lce—Edge
otk ) Sk B oWz, BEMBRTEIMHRACE hBATA B,
BHR, S« <5 2- s EEREL, HEROPERLT WS,
3. Oblique Impact
B Ao KBRCRTAEMTIBE0RNRLEHHERICL RN THha,
4. Beaching on Grounded Ice
fREBMAKRT, Grounded ice CRY BT 2 BS OB LR bk - T2, VO bowiC L 2FE b L,
KXOCrushing, MELKEDFriction SHERL, BEHSRD LB L ARG 2 RBICH T 2B
FrEEL TG,
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() ASPPR{Arctic Shipping Pollution Prevention Regulations) ®O#ER
FokROREEL i > T ASPPRAEM TN AHR V0T, T2t 2 OMEBRAN OBy
L3,
fe)—1 ML ELEbLRBFinnish—Swedish Rule OEHET
{i) Transverse framing

CRE> A T2THClass Notation 2T, kEX 800 m—EL T3,

H) frame (LHERETE C=800m
{7) plastic design e
FED), HRERT AR LB, AT RO, 1 TT711
_ pSc B a
MP-E - 1_5 ( 24-¢ ) (1)
rre, S=x~t—=x, g=rSy | £ N
FRite=800m¥ LA LT, EATYIHETE | il
Mt =25 ( g-400) x 08 (2)
8 Mp¢
7 = Mp2 _ pS (2-400) X 0.8 3) full plasticity
7 89y (e
g, = ERMH O yield point
3F*1./08=125, 2530HEHH Al
z=2L5 (¢-100) () ceeenne Finnish-Swedish Rules '71
8o, (ed)
RU, ASPPR .

p ke Simm , £:m, o, kgSf
(i} Longl framing ‘ i '

¢
(DRTe=£ LThid, [ !
2 2
2__pS¢ _ _p8¢ _ (5)
M; 16600 “soog < 08125 (kg—cm)
BAREFEL L, 25 F0OREEY N,
_ _ pS¢t . o - .
Z= —————  (cnl) (B)  weeeereee Finnish-Swedish Rules 71
130000,
. Bfir
(il Shell plating ’._, S=1
<{EE> m Eﬁﬂéﬁt?%ﬂstrlp /1/:@;‘%///1/1{ ////t/li
W) BaeEE 1 —gma|r T |b
) plastiec design Y //////H/.{ TIITITTI
HEOMpE FERTBONS, o
31
pb’? b
Mpl =-"—- N _ 18 le o
p 16 pbh= N Mp € /| w=pb >
, ¢
.'.Mp L= -—-pfﬁ L ﬁﬁﬁﬁﬁ



_ Mpt _ pb? 1.t

- = = — m "
z a, 160, 5 ( L&)
2
opr=3Pb" e Py 0844
8 o, 9 g,

t = —i—b = 2 (9) oo Finnish-Swedish Rules '71
b 4

corrosion/abrasion margin

/1.
2L, R/ aftii, t=-§—b 02" + 2 (9')
¥

{c)- 2 ASPPR OM#HHER
(i) FRICHTRKSEELRS TS, X, TOREMITRRCLY, &Arctic Classit LD
Rick,

LOAD WATERLING
LIGNE Of CRaARGE
MAREMALL PREVUE

o T _BW 1iinniitin
-!T - J'. - T - —"— —
e I gs r"‘ﬂ"q"a 2% ""E" » ! [ TR
, - L L A L L] p-: ] waTEALING
. ! . 1 - ' P Lone of ewance
1 \ B ﬂ,’l, . ' | wimaALL FARVL
!
. ! ' ] ; b
| [ T (:p i roRTrOOT ' !
. T | e shiow i !
' FERFENOICULAR LIGNE D QEMARCA | [
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} ANAEAE fFORWARD PEAPENGICUL AT
1 ! FEAMENGICULAN  AVANT
i STERN MiD-300Y { oW -
ARAIERE MILIEU DE LA COQUE AVANT
m . Bow Area
Section avant
— =t . Lower Bow Area
L Sectlon avant Inférieur
o - Mid-Body Area
Sectlon médiane
Stern Area
-
NNNN Sectlon arriere
m ~ Lower Transition Area
Section de transition Inférieure
T - Upper Transition Area
s Sectian de transitlen supérieurs
Yiahort vrprrmed 08 0 Pt
Vahias averiterd b ficet and crmtimetres of tha vk (L) of (e shep,
Cotumn Colemn Loturhn Cabwen Cotumn Columa Coturva, Colwma Columa  Cobemn
] "t L 14 ¥ ¥ i iu x x
Arcres or AW e wT L = T 2
Tiem Claw [N LT T, ow R o AL o, N o A -
1 A aq12n 1.1 06 rinen oo TN 1.1¢cm 1.9 »n BT
1 H 103n 10D 1030 1.3 (et 1ien [ 1.4 » 1]
b ) a(rayy A3 Jsain A3 (4 FECI 4.3{0M 1.1 » -+
4 r il & {11 11 (Jel) 141} 100 $0120 18 » 1"
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. ' 16 (4amr e 0 hiey snn & (1 12 (M 1.3 » ]
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(i) BHKERBEC 5508, 7V — 2t T 58 KHERTROAIFRDOR TS,

Tew Prexzures in poundy per wquare inch (kilopandt per squsre contimmrne)

Catumn { Colurn 1} Catwemn U1 Column IV Coluen ¥ Columa ¥1 Cotuma VII
Arciie Lowet Bow M id-bondy Lawer T Upper Tr
Tiem Clesa Bre Arcd Arma Arma Ares Ares Stere Aree
L] 0 100 | DO™
{17.3m hid aI.an - he - 7.0n
1A - 1m0 100 L. 1. b
as.an {14.79) {1n.2n {12.s0 .14 a1.n
2 Lod 10 400 10 00 ]
{4110y 13.30 {It.1n {18,210} {14.08) a3.m
] -] a3 110 e 190 L]
{36.124) [r. BB {37.28) (.00 us.m [L X ]
4 oy 0 50 (1] m 1190
(. xn {31. 1% {4440} ui. 1).xn i37.40
[} 1200 ) ™ Lo 1o i
(34.16) (44.99) [1F 1] (16.38) fis.en [ R ]
? 1400 140 110 [ L2} 103
(90.42) (32.91 13976 {42.19) [ro B3 m.m
1 (3.0 ] 00 0 “ i 159
{103 .61} [56.14) (. TH) [N ] 5.0 [« 139 ]
10 L300 o0 70 L ] L) 1%
{105, 60 (36. 14} (4. T} [ ] 1.0 34,38

*tn an Arcec Clam | ship, ondy thai pavr of

{e) the Bow dres and stern ares lying briwem the hmmnl mnﬂm of 1ha wpper and lower edgan of (he mid-body sres need e u—lﬂrﬂ wod

(31 the mud.baxdy ares forwsrd of dshrpy meed be

*%n an Argirc Class | ahip, ke presrure need not be consdered 24 2 factor in the dvign of (M huil in the losrer bow sres. lowey wransitlen srea sl wppor fresition
sren, and the strenguh sianderds wsaally spplicd (0 ocean-gommg ships shall appiy o (e arees

id SR, 7v—A0BHARIHEFinnish—Swedish Rule OBBEFALTH%, LTHH

Ax T,

. 7V — 4 OBTERE
(ed)

- S ORE
(om)

S =frame space
f{=1frame span

o ~ R ORRR

Trans.

Longl.

p=design ice pressure

o

I

_2 /B

= S a,

(kg/cd ) K_{ 1720300
() | 1718600
(m)

(kg/al)

- bow area

* mid-body

area and
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M T=77v—a, 2 A —CHTHRIKFERTROBIRDON T D,

Minimum Ice Loading. expressed in Tons
per Foot Run {Tonnes per Metre Run), for
Stringers or Web Frames in the Areas
Specified in the column headings below

Coiumn1l  Column II Column (11 Column 1V
Arctic Bow Mid-body
ltem Class Area Area Stern Area
1 1 12(7.3) . .
1 1A 15 (3).3) 20 (66.6) 22(711.))
l 2 30 (99.9) 25(81. 1) 27(89.9)
4 3 40 (133.2) J0(99.9) 15(116.8)
5 4 50(1§6.3) 15 (115.8) m(l]].z)
] 6 70 (211.1) 45 (149.9) 35 (182.2)
7 1 20 (266.4) 0 (166.5) 60 ¢199.8)
] . 100 (332. ) 60 (199.8) 75 (149.8)
9 10 165 (549.5) 70 (233.1) 80 (266 .4)

Note: The loading values shown in this Tabie are based upon
& stringer or web frame spacing of 4 feet. For any other spacing,
these loading values shall be increased or decreascd, respectively,
in direct proportion to the amount that the actual spacing is
greater than or less than 4 feet,

*In an Arctic Class { ship, ice loads need not be considered as
& factor in the design of the huil in the mid-body area and stern
area, and the sirength standards usually applied to ocean-going
ships shall appiy in these zreas.

V) 2277v—n, MY H—BORBHOBH< -1 B ¥ THETH ), EREMAHOBHK
ABEBLiovE Ll niinsinn,
d USCG ofa

USCG OFkROMARHECHMLEL LTSNAME OXHR( 1,2,3,519,22,) RWEL 28,
F52.1CTOEHY, F-ERLL22CEBAFKROEERYTT,

7 2 ) A EREK B HEBHILASKAEE L BKERLE_RKER AR D ALIBBROB W, TX
O OYREE, AN TREIRCMAOEM (£ b e — v IKE) OULBEDL L XEARS
TUSCG KR ENEHICISED, TOSEE, AKXE, <—) 28, 7)) —v 5y FBZEROK
BF— 2 iRE 1 SEMPBBRIR TGS, BHCACDI LB TEDL X3 NERT O TERL ok
DT, FTHEOMKMEOMERTTIES & L L DBKMAO BB <R, 8L A EMERT,
TA AN EROBBOKE L BREETREL L, TOPTERLDIRDLEL D TH B,

1) AT AZRHFLLT, ¥ D2 ZR EHCHRLEF SR DHBEER, BT e<5Lv 4 v
WBR7o~s>0RM, #OLEHLL /B,

2) BMERNE LTHRYREERFEL 7v—202 ) » 5, AR FI A7 v —a 2 LIBBBR_"E
B AT 5,

3) MAMPKELLTIE £» b OL IMELERY KBB TR L 20K, BALHEK3000 psi
L3,



4) MR ERAMY A, BEBIBBECLAY Ry 7 THRET S,

5) AR AERITH Y, BRETIEARTEY S T HAREEEMBL LT, ARahRE

PHEY ST B A rEL, HFELGHLGTh BEBRIED ORI E L,

ZOXSCLTI944FECEBEINIONNorthwind, Mackinaw T&%, 5122 WIND

77 ROPENTHL, ThbOWKATHERD OFERY L1,

TR 2) RBENEEAL—ADLE LN STVALDT, SAAF 2 71O 2008KOIFHFAERD
BHUF— P L OSRN, 7V —ADERRTRCEEDKE, RETEXRRBLI, USCG ThEED
POLAR 735 ATz OELFY—HEAL TS,

YE#R3), 5) TRWINDZ 7 20X THSPOLAR 7 5 AOREHC 2V THBAL T2,
HEMIEWIND 2 5 ADEBEREY L L LTV 50 TN X VK, BRLILLLO
WHoTVE, CHZFRCECTIRE7 o3 ELah, -5 0 CHROMERAESERAING,

WER19) TREEAL—ADVE 2 — L HL VBRI 2V CRRTW 5, BEPKEI 2V TR
EfE, E, BHEEOBFRRL LTk, HEMEAC OV TIEFHTIKEL LTS, Uy
STy LR, TARA=TT 72— H WA LT, T TORBERLI 7 v—aP5H{,
FADENE G I LD, s ovTR I CHEYBET S~y yDE LAY AN,
AR AL OCTRBEEI e TVAERAYRETAR IR ER -5 20 Rt THEE LT,

THE 22) CHEFOMEY BEL THRICoT FEMABERITY TVWRFTOPOLAR 77 A
CTEAL ARG Z LY BATREOBRICRIIL AL, AL BERLOTREEY DS T
EHIREEL T3,



# 521 USCG B kK o 8 % o 8% @
ped %2 R, BREE 2 B BHXTE
1) | " Development of Ice— [1. USCG ¥ THBHLMHKBL R p Hx i X ( Hhsag)
Bresking Vessels for BB LA, (B2REFKES) T HkmE

the USCG" 2. fhEOFBKMROBEL EX1T\V, WK#EEL, BA23000psi
1946 DAMS ~ & RiF L, (€t} DE ki
3. WIND 252, MACKINAWORES | ETFonsRM)
BE

2) | "On the Ice 1. LROBRICL b-<rFy 2150200 (1. BREKEREYN, TR,
Strengthening of Ship HORPRML P v—a, ~Xr0i HEMoEnFhe L,
Hulls " EFMTRTT, BROKE, BMNEYRE| 7 (#x&k) X(SHP)

1967 L7, L —RCBEL R,
2. Finnish—Swedish, ASPPR, ABS,
LREF¥EEr—rD b b bR o,
3) |" The Design of Polar 1. POLAR 27 20OBMFE
Icebreakers ™ 2. BN, i, KM, TR, ToNS, M
1970 &, MFEEEREEHEICHZ ViRl L |
3. WIND 7z5=20ifgit7v—adiitT
5,
4. AR AR {EREGHEN—BRE LA
WETRICLEDTREN,

5) |° Structural Consider— |1. POLAR 72 7 2OMERMNTFE 1. €+>» b---300psi
ations in the Design 2. WIND #3%, GLACIER ®iR{§ 73v7---600psi
of POLAR class of et L Wi = B0 A9--- 1200psi
Coast Guard Ice— 3. WIND, GLACIER Ttz v —agi|2 73 vsEHRoERNER
breakers " L, AR asigng HE»6L/10~ 217

1975 10 TRKER A,

19) | "A Rational Basis for |1l. XEMGMEZRALTEE -2~ 2RE 1. XFHRHAE - FHiCL
Hull Ice—Strengthening BEL, FLORHEYER > Th ¥ HXKOBERE
Criteria” EC3irnki £=XF

. 1981 EELERL TR D,
2 kEEBHKEBIY » v
7y22-RiKlz7 >
2 E-2EFLTRD A,
22) | “"Application of Plastic [1. WIND, GLACIER, POLAR%&Z

Analysis to USCG
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TINRTva3boghhndg,
{i) Dome Petroleum Ltd. ORIRIW(FIBXMES 18, 25)

Dome Petroleum Ltd. (1B#FEEOMkEEHKigoriak SiC X 5EKBERT — L% b
LR OBERS EORES Y LTv5, B, Johansson, Keinonen % ( XER1L8 ) 1
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Ice Aceretion on Ships with Special
Emphasis on Baltic Conditions

By Jain-Erik Lundgrist Ingewar Udin
SMHI Rarporter —Metecrologi och
Klimatologi Nr.RMK 7 (1977)

" #
RELIBICONT
oBES M,/ s LT TREKREILR L,

omoderate icing REET7m 5 , RE— 25 TTRET %,

o severe icing REAE10m 53, KEBE—45 CTRET 5,

(F2# L, FRE20TREE, MEETEEL WY, )

rEoEFme oW, FRAVFE— (1966} sHRSEBE—6T, BHEHLI0mM s TRELENED, DFU
Severe icing BWIRAVH— e kB L Tight icing &M o Tnd, THEAN HEDRKDESILIEL,

— 0 CiEL S bikiEngEs Z ERERTES,
o AR+ RBECONWT OFEKBOHEBRYTT,

Fig.13 : BEREUSBEBKOBEK (St tEELOLEE)
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Alaskan Transportation:An Overview
of Some Aspects of Transporting
Alaskan Crude 0il

Marine Technology
—_— July, 1879

g7 =

LA B0 Prudhoe Bay TOREMBBICEWT, P73 AABOValdez FTAL 54 ¥1TH, Valdez
CEITDS—IFAMBRERITVECDL DL ¥ A—RECOWTHEERR<LEN TN,

£ v H—CDWTHIKIEAT & LTABESORER L Thins, ZoRgoRts JUgse L bRfiL
TWw% Alaska Tanker Law ( BaA & ERIUER IMCO# vh——n b EBDRD ) (TR » AR
LLTd, BEITHLIES v H—d A V— 5 YEEDTHER LFFRFIZBETHEN,
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By Jain-Erik Lundgrist Ingewar Udin
SMHI Rarporter-Meteorologi och
Klimatologi Nr.RMK 7 (1977)

Ice Aecretion on Ships with Special
Emphasis on Baltic Conditions

g =

sHOKOTEEAR"LEZ" oXBEMAETHY, B, §, S IokrERLLTREVALEDbOT
W, TLEXTOMKE—RIcEDLAb o LhERERS,

s "LEZT KGSCEEFTLIEEXARBEHRERLAATHY, BESKAGE, ABNEVERERSK
Wi~ 8 C~—12 CUTTREILEL XS,

« BEEESAKCERTS, 6 CLETRAEKIZED B,

*» Severe icing R4 CEL ETRENKEL, 2CU ErEhicd B,

*HMBLAKOBELBETH S, HEM20—60° AL THRELRE Y, LOLHEAOKSEILE®R
FTH B,

*BELMMRKOEBRITRETH Y, BESREFAKBABRLEFEmCH 5,

s FKTFMREL D LN, HEIhLY, BAOBCHTHERRIRNC I > TRIHD, EEYET

%o
¥ X 2 2y ¥ 3 = )
I - 3 T2 IER
#= | M # R U ¥ £
Technical Develtf;pment of an Environ- B.M. Johanrson, A.J, Keinonen, B, Mercer
mentally Safe Arctic Tanker — Dome Petroleum Ltd.
e

CANMAR KIGORIAK%, Dome, Arctic Class 4 DR#F7 2 | (1979 ~1980)

B8 . Class 10D 0ilV/LNG # vA—RBREXBHELEL O,

{1) Spoon shaped bow, weereemee: short bowT cargo ship @&

(2) Water spray sys. --s-eee- 2 Pumpsic &) bowiC 2 kts speedB15mCover T2ERAT50%
Dfriction loss AL HED,

(3) #MBIWT, AMFLL, ARy F o5 HEL L, WEJ116400 hp,

{#) EngRP#Diesel & gear¥kE, clutchidslipfTdieselelectriciChUF, 0, iy

(5) BXEM LB Bow & Sterm thruster fT, E¥Bic Y —=ft,

(6) FOTHR inside @ tank ¥R,

(1) #EEXK ! 1FKmax. 1.73m, #FEXKmax. 10m, Yy F74 AKET13m, XK@EE7 m,

(8) 1ESIBEBTEITSICH class 10 L EOMEENLE,
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Technical Development of an Environ- B.M. Johanson, A..J. Keinonen, B, Mercer
mentally Safe Aretic Tanker — Dome Petroleum Ltd.

m B

VLCC# v h—oftsHEt ( 200000DWT )

(n
{2)
(3)
(4)
(5)
{6

o

o]

—EE, 28, f'cle HU, BEERAE, Eng, RoomiZ#EE,
cargo tank ¢ LTZEEDFH, AL, IMO damage EXOFBEE»LOERRE +—7,

deep well pump Ho

hull strength, damage stability I3B&,
THEESBEB TN IES compressed air & deep well pump i€ X UTILATEE,

Bt

full BEETORMISH (BEs -0 L g ), BENRIHI0E (AR S ¥ A—iCkhr)

"""""""" Fos s xnm, 2§, CPPRIRLIEERICH,

short bow THEFFEANCKED 3~6° b — T2 mkENYEEKR L FREECRET,
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"ATLE” First of twe Finish-built
22000 SHP Icebreakers for Sweden
— Shipping Weorld & Shipbuilder, Jan. 1375

=

Wartsilla O~ni v & EAFHRE,

Swedish Administration of Shipping and Navigation

Baltic Service BT Arctic Service

Propelier : bowXx 2, stern X2, f£: 2 (BIES 840%, #60%)

Air bubbling sys .2k,

#3#% : NV IAI, Fin,Ice Class IA Super, Sweden. Administration of Ships.
B ( Eng. & lce ) B0k ®RERRMA~RH L Mg

xF7aviRSF

SEASE6A

~JEFEHD

Deck k@ machinery i special electric heating elements fF

Wheel house i242 BN, #1412 heated windows with Wynstrument wipers
Wheel house T towing winch control T

Heeling sys.: 610%/505ec. — max. heel 13°

Towing W. : 70 Mp.Rauma Repola Oy %, 93 ¥/ 5, Stromberg de moter

Biological sewage treatment

Prinecipal particulars

Length o.a. sooswmsrrssmmierssiin. 10L6m
Length on W.L, sreecresssssmmiase. 960m
Breadth, moulded rressssessssesssnnissiennanss 238 m

Depth to upper deck sresseresreeremcenssas 121 m

Draught sreeesesesesssesssensvnscaseansssssssnnssass 7.3m

Draught maxg, e g§3m

Block coefficient-rrrersmmrmsmmsesenenneees 0495

Displacement seerersssessssssssssassaiene 7900 tons

Bollard pull eesesssssmsaseiiens. 190 tons

Machinery output, total =-sweemeseee 22000 SHP diesel—electrie
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First icebreaking product tanker from
Nobiskrug
—Motor Ship, Oct.1976
g7 B
o A7 ¢ vy PRMERXRHT, BL, #F7IEARTHEM, sister ship B ¥H—ELTK

[=]

A= F T,
Neste Oy H3( 74 ¥ 5 ¥ F)
TifhWerft Nobiskrug GmbH, Rendsburg:&MATRE%E
F&l4 #0138 " Lunni ”
Class NV Ice Class IA*, MV, EO, Finish Ice Class IA Super
Double hull ( tank top S U LFHET ), F'cle & Poop, img. angle bulwork({f’clefll)
FPT 2f#, tankMicP/ FOTHY,
Bow thruster AU,
. EBBIC ice knife, propeller bess #iC skeg
Life boat iX Bridge LUKIDPoop L, enclosed type
Air bubbler sys. (Wartsila ) &M,
WMERY73ELHEEALE — ME—TL
Cargo tank . P,/S & 4 tanks { B space )

Cargo pump | Framo®fEsleep well p.

Windlass with moor. drumX 2, moor.w.X 2 (jE)

Deck erane X1 (HE)

~ I B

Cargo control room { 2nd deck/whee! house LU 2BH, poopD28Ek)

EERERpE2 2% ( poop £T ) - FEmk

Principal Particulars

Length 0,a. srweresmemssmssrmonennos 16445 m
Length b.a. oo, 15000 m

Breadth, moulded --eomremermnsrneces 2160m

Depth,moulded :----oo-somoommomeenee 1200 m

Draught seoreoemsmsmmmieinn. 950 m

Dead Weight -oreerersmemssssmicninnes 15955 ton

Propulsion seseeeemseriemnsnsccaans 2 X Mok 12M551 AK, 18, Kamewa C.P,
OULPUL  reereessrereremenmonenmsencseneanas 2X7500 bhp at 426 FeV

Speed eermrresesennersnsn s 145 kis
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o N & &£ B ! ris tE—45C, AFEERERTOZL
HEHIRE— 25 C, BREBERERHTOZ &

o KO M0 BAE, RKEOBRRESR, EWERFe—trtr—x

o M M ¥ Wksv7, APTRUNRABLEOMKS Y Y, v v7s ¥ (FO)DHELS
bR ERK S v VBT B8 v

o & B o EREE ( FRENE, BRI ve—sftT v

o B Bl SRR (BREToHEE)

o ¥t 2 B heat glass & heated wiper

o Fp*2u—v¥ ; Lub.cili heater, Hifgx5 B heater , TEAHXTAROHREL, heater
iz &b T,

o # K & ! ice belt LUTHTOHRAO, BAFRTEIZLFERELIL,

o

7 v—v, Pi#EOo—fe EREER,
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carrier for Brestrom

“ Thuleland”™ : iceb i bulk
aretan an lcebreaking bul Motor Ship Sep. 1977

7 B
FBEBIVG. ALY TEERT,

T

i
--w3T]
oy

e Ty

=TT TR WA

-.-m“—!".-'-'.:r- :' - = :
—---__-Jg—.r——,-j--:_“::#; e

L AEHENRAL ANAANQEMENT PLANS QOF THE 14 lll‘ TONNE 0%, ICEOALARING BULK CAARIER “THULELAND™

Loy =
Emulth * 14 SO0
(owutlul)
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"Ermak”™— a 36000 SHP polar
icebreaker

Motor Ship, 1974

B #
FEHRUFG. AXTHETRET,

M0 amioti BiCe

Leas 135.08m
hd R EE
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" Samotlov” Leads Ice- class Tanker

Series for USSR The Motor Ship Jan., 1976

R
1. FKEH17000 DWT @ crude & refined oil tanker TH %,
A=y 7 REARC LOMERGER XUy v 2 O L LT Double hull & bottom THI¥h
(BERASA PP 7 ELTHEA) Tna,
2 A—LFYIERE—F 4 v fvBBTORATEY, ToRMEERTEORD,

Mk R 0T
REEE —35C ¢} TS5AMEZG6OCECMBETE S,
A—-SHE —25T
X X 5 ¥ e X 5t
il &7 MEERNE E—F 4 ¥
;= | H o # kB U E X

“"Thuleland” ! an icebreaking bulk

carrier for Brostrom Motor Ship, 1877

g =
Fv =54 YIERYBEMS v 7 RLEAT ALY I RBITWE,
Y 9 3
AMEH, RFBEE, Heating ratio, ete RIERAZL
X = 5y % R FS o
m S vy EEEY L Air bubble gun
= | H % R U ¥ &

Designing a bulk carrier for the

Canadian Arectic Moter Ship, March 1976

n =
1. BN | EREAXASA S v IRCMADZ L L USRSl 32, BAOMELE LT 2,
2. bubble gun OME, KEHete.

s ¥ 030m® (FX, ete DEERITL)

# ® . polythene

m o OEBSTN

B D EReR13m min Th—w FRABKTESO0ORTMET2million gall  day
(#315m/h ) DHSTBHIL DT EHTE 2,

B2 B : guni2 2 sets short cargo hold (A5 2 t5¥7%MA)

&% 7 : 05hp/gun

#A—7%  Pneumatic Breakwaters Ltd,, of London.
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Design, Construction and Operation of Canadian Coast Guard, July 1975
Iecebreakers,
B OB

V—F 2 R B OKOBADTH LB LUBHADBEHP OB Y v STRIINEREFBOX 1T
RFBECRIFTHU, THWIHRELD

L5BHLTAD,

HF#EB" Arctic "D T OHREY A .
LTnha, __:—" 3k
) TMARTH LOFRRBALTHS -

it AN Bipkow® TYVI
4 P Z or . s ES s
| BRE - GRS - KBS b FEBER
= B B o R X X F

Protecti‘on of Hydraulic Structures IAHR 1981
from feing.

7 =B
CoOBTHRECREN ST LB LRE  EEC RS deicing FEER TS,
WK OEHE 7 — 7 BB ETH HHEKCOVTREUR 2 EULTWEWDT, I TPERITMET - %
DETNE,
deicing system & LTRTIRO 3 HRMBELBND,
(1) iz ko EEbE
ERFIFLThEEzTH 2,
IAROEBABACES AIBERTNE, (ZAvE—HRE #1600%8 )
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Ermak”™ — a 36000 shp polar Motor Ship, 1974
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1. System
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"Ermak”—a 36000 shp polar icebreaker Motor Ship, 1974
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“Thuleland” ! an icebreaking bulk
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concepts for machinery of ice-capable
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SA-15.a 14 ship series of icebreaking The Motor Ship
multipurpose cargo ships from Finland (1983 4)
for Soviet Arctic service
g ¥
745K, Wartsila BiED, vl 2 0 MK MPC ORA
BEHOERBRLTOEY,
MAE L 2&XWartsili-Sulzer 14 ZV 40748
7.700k¥(10500PS ) X56 0RPM
R/G D18 XRenk ASM2X 1875
CPP 15 XKaMeWa 4K, SUS, D,=56m, 120RPM
A/B I 28XUNEX, 6 T/HxX9 bar
EGB ! 28XUNEX, 2T/H
D. G D 4E5X810k¥xX 750RPM

E.D/G . 1&X100k¥X 1,500RPM
B U\ okMers I it It A ( Voith, 1660TR ) %2R+ 5,
MACHINERY LAYQUT &b,
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"Polarstern”
an icebreaking research ship for The Motor Ship, April 1983
West Germany

i e

M TSI N kS BAIBIENEM " Polarstern "(D.W.3900T, Class GR Arc-3) oME%
FRoin ¢ 8B LT\ 4,

MIEHIKRENR 5.5 kt T1m, 53 > 7BkiEne m, BEOH S v 7 ROBEEDKESED ON/ud, 7
1A ~<A bHEDONRIE 4 3.5 mOERBIRENMEMAL T 5, MIAEEEE Canadian Tce Class
Arctic THAEHAL, LOHOR THER L ~2DbDTH 3,

HERBERFET  — €A 218 CPP vx7 40 2MR3T, THMIIDEONTZ - RVB 8MS5 1 0(5.000
PS)X 4 ¥, MEMARENK- 145X 2%, Yr~5@ESCHER WYSS(180rpm , / Xaff) x 2
HLLTHD,

A MR 2 X 2,50 OkVA( BB L b Power take -off), ¥+ — ¥ ASEM 2 X 1.5 0 0kVA,
HHMAT 1 — AR L X 56 0kVA THMLTWE, AEG joy stick ¥>»Falimaybn—a
(CPUMM) 25%ML, CPPOIEN ¥4 FRASAA-RUMEMBLT, BORE #Yvw=v sk
2T %, Joy stick W#1&, ice navigation platform, crows nest I bigfEiiks,

EEBHEL=1022m, B=250m D=136m d=105m, Vg :@ 155kt

—114 —



¥ x ES o) ¥ F & )

I IR D i £ 1 M N

# & B s R ¥ F E

Developing Arctic .
The Motor Ship (1983, 4)
Icebreaker

B o=

BY) 7> 7> Y07 AF= s ERATEREIRAWKBORMN L, FAEATLLT 1) KE  2) #5058
3VHB e RTF A A HEOA 7 s THREDWT  5) BRINAEELOWTIHREU SR 2N

THK~RTW B,

HE) 1) 7495 THKBAEFRR INTHLRAROFENATEEDL D, =747 = KL bAR, 7
o RSEBSHRETEL LD, HREES k2o 4, X, EMRECELEOBBRERCE > B0
RATGEE & o Fo

2) AR L TROKIRIGEIG T 5 OHBSRI R 4 — € v THHBRBRHCEAL TN S T 4 — ¥ 2l
B AEA 2w, F1— ¥LEEHRuMARINRA,
TaFaSHTI9B2—3 5 |EALINA10,000SHP OBILE ( Sub-Arctic ) Bkt 7+ —
La—BEEE- CPP L IR I T 3,

3) SkoltEHMzEE T 00BETH 24, 2ACDODNTERETDS 9,

1 DIBAC—AC FRATED, 251 20ETNTHE,

4) BokfRlCBR ANATHE RERRER L - TEbbEA, ToHEoE LT a) Ieebreaking in

level ice b) Performanee in ridges c¢) Performance in shallow water

d) Manceuvring ) Propulsion Performance ZifExrd 1 Tn B,
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Shallow—draught Polar Icebreaker Shipbuilding& Marine Engineering
"KAPITAN SOROKIN- International, October 1977
2 B

e~y r(2e, z=t4, v+ ) BUKara Seal, Shallow-draught
Pok#d "Kapitan Sorokin” OHBA(LXBXD: 1319mx265%85, Displace:
14900ten, 19KTS, company 92A)
(1) Yermak-Class @#3#°1 1 m draught YO0} LA K3 8.5 m draught
(2) Dicsel-electrie { DC—AC Prop.motor ) total 24,000bhp
(3) HWMAIEE  Mifie-2 DC 5400kWX 38X 107~200rpm
HHEETM Wirtsila-Sulzer 9ZL 40748 X 6%
4125bhp X 428rpm~each
BREBH Wartsild 824TSX 5&X 980k
bubbling system
Multi-stage cent.compressor X 28&
F&gh <> > 100PS diesel X 28
Fu #3, Fixed pitch, Stainless blade
4) E/R arrange DR
FBHE LOTM, Diesel engine 7 T—tbh—fdd, FOTHHM( 77— L) BT AL
Lk ayiz b uRETH 5, '
(5 B % 1k USS Registers Class A 2 (Unattended engine room )

Autronica 750 alarm points
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KB BOKEEOMEE, 7o XS#ib L2 BoWTERLTWE, REOEZAT EIT 5L,
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2) BEAKELTY A MREEZQBERREE 2 CEKREL b, Y1 CHARESRY,.

3) REEICHT HNEBHBIEL L ¢, v— V) v/ BERBIRETI 0 $BLTW 2,

4) BRI AFOKSOATEMEE ( Max 0.1g ) @AZ (, KB~OWRNE 400 b LT TDY, Fr

— v yBEL bR HOKEE AR E N,

5) HEFOKEENIZ 0.6~ 0.8mMEEFTH - &,

6) Fo~zHWOER 2 E

(D FRAT 10.6 ton—m, OFKFRESRFK T 3.0 ton~m, QEFIGEREFAK T2 4.4 ton—m, DFr

— S ETHEZS~2Tton—mEHETI1~1 9 ton—m
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o 7K #HR C O WKITE
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The Manhattan story (continued) March, 1970
A return voyage to the Arctic

B
KEOHKR " S.S.Manhattan " AILERLOLHEL AL 3ORROLRTS 5,

&~ X =X 53 ¥, 3 ot X il
i # s 5 b i T A E L
= iz B # B U T OXF
BAGEBFESE H539%
BAEDBAEEIL Dn T (1974. 5)
# #H F &

w B
WA O Y% RA EEA, BRAAEOHML AMMOERR AR 2 BAR EH AL O TORANIE
BAhTnD,
BRAEEORS EHL LT FEAELTAS,
(&M) VEBRBRELFOEENE QFBRONETE QULEMOEmBEAE @iEsie t v s 5ET
Lz GILEGE- OEMHTEHSEE (NMEGHROMATIRTH 2 GEHEREROEEH
(MEERE T 0 snfdimtE
(@A) (8 QIKER QFEIETHN
Wttt S Lo Ta0MEE LTUT BTN A,
(FkAT — MEZMBMO D BEL @7y—, BHEEARS — BEORBRKELET OKTRYS —
MR ~—= OB @HEKEE BRMAL vy 9 -8 — BN SRR BHLET ORENE
£ Xt s O I 1M L+ a4

AT HRAMAT L L LT, LTFROW TS, BBnEaNTnE,
(1) BRAKX — 7-Fva4r— VAHL ARI7 - Vet d- VR, BBRAR. BFEHEHA

(2) wmbEA Q) WHEHRIRL — #1242 —FRIDZHX, 40 2200558
MR RIS Ty BETFUR LT 5,
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THA VR E—LAF— VAR E K4 4 — PBIRHRC Ok 2« OFAR &2 OBEDNTR~NTn 5,
FICE T EH L OB K1) A RAEROTR L EHLOHES L1 I 2 2 —FREBFETEEOKRE
BiL LM On LK - TTEHRARAERL 220 TS 25 2k, 41 I 2 2 OEEHFEHBC T
BYA rmay A2 FORBEEERR~OILASER I NS5 B OFEIC DN TR~TW 5,
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i BETs b [ ER A FA
7= i ® o# E U E OZF
Hki—HkowOUER IEFR#BETH (1982 1)
mktEhrBELAEEERE = B F
B O
885 ) PekMOREHE FOMELEN T2,
AE) 1) EskolL (A 28 & 3) Mk HE & 5) MLk
6) HEERE BN B) BIIGA
DT HR~NT NS,

SRS LT 6) THh~TeY, BERIhLEEEE OB L, Th@iATHEILELT BR
HHEHER, FTa—CArx Iy B, 77 n 5 LoBERAR, ARS-CrLAEYyFTax3
DEZEHA 1S B BHAORMEERFICO N CHRNTN B,

X, HEHEEBOL 5—0OF A AT e N3 THD, FA QKT BB OME LT OBECE
BOAF5 R EEBULEE, BT TLLENRD D, HlAdiEER e ~5 7 v— L b7 e <SR
BEALPRE T RSEOESNAKE S RDL SN THONERCE s THDHERBT LT 5,
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Shipbuilding & Marine
. . Engineering International
propulsion for icebreakers (1983. 4)

Direct-drive diesel
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The Control System for the ASME Publication, 1974
U.S. Coast Guard Icebreaker F.W. Johnson
Propulsion Plant C. Stasiowski
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@ #Hfide— V% 1) Free route operation 2) Light icebreaking requirement
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U.S.C.G. POLAR STAR
-Combination of a Diesel Electric ASME Publieation, 1974
Propulsion Plant with a Geared — A.F. FINIZIO
Gas Turbine Boost Plant
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1) "1980-81 Directory of Marine Drilling Rigs"
Ocean Industry Sept. 1980
2) '"1982-83 Directory of Marine Drilling Rigs"
Ocean Industry Sept. 1982
3) "1983-84 Directory of Marine Driliing Rigs"
Ocean Industry Sept. 1983
4) "Arctic Technology' Offshore, May 1980
5) "OGJ Report, North American Arctic", 0il and Gas Journal,
June 27, 1983
6) E#E—h " KBICEHT ZEMEAR"  (Ocean Age April 1983
7) Baller, H. "TECHNOLOGY: Rig winterization to allow year-round
drill off northern Norway'", 0il and Gas Journal, Aug. 1, 1983
8) Dingle P.J. "Constructing artificial islands in Canada Beaufort
Sea" Ocean Industry, June 1982
9) "New Drilling Island Concepts for Beaufort Sea"
Ocean Industry, June 1982
10) '"British Shipbuilders' heavy duty 'semi'"
The Naval Architect, Jan, 1983
11) "Designing the Trosvik Bingo 3000"
The Naval Architect, March 1981
12) Tubb "New Drilling Rigs'" Ocean Industry, June 1982
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OPEN WATER PERIOD (DAYS)

Beaufort Sea ice features
e r—————Land fast ice (to 60 ft by March} ~———-| f—  Mobile Polar Ice Pack: swmcie=:

—»| Shearzone je—

. First year. -Grounded first:
pressure rdges year ridge

—x=Mulli-year lloe
-[rare} .

Muiti-year tloes
* (more common)

YOpen lead (sometimes)

AR

63128 F—7:— EOKDORRE

LOCATION: 70" 10" N; 133" W

1201 -
1004 'y
\‘ "
80+ -
v
60+
404 5
204 o
i] Al T T T L T T T T 1 L] L} T L] LA T T L] T
1955 | 1960 1065 1970 1975
TIME {YEARS}
(6.3.1.2.9 K£—7 x— FEBOFEHRKE R
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#*%6.3.1.2.1

K7 3 — FEOKER

Dlapir - Barrow . Norion Navarin
lca characteristic fiald Arch Basin Basin
Penod of ice caverage {lypical) sarty Qciober mid-October late October  early January
: 10 mid~July to early July  to early Juns !0 mid-May
Winter ica concentration 100% - 100% 70-100% 0-85%
lca thickness
Maxmmum first-year unrafted Tt IA! 41t 2
Maxmurm first-year ratted 20+ 1 20+ 1 15+ 1 10+ &
Mutii-year foes >151 >151 . uniikety unlikely
First-year ridga thickness } )
Typical 251t 254 15 ft 151
- Extrame >100 f >100 t - 00 f >100 ft
Other ica features Scanersd ica Scattered ice - Rubble pilas unlikaty
islands and islangs and >70 1
multi-year roulli-year thick amund
ica pigces ica pieces grounced ice
>100 # >100 ft fearures.
thick are thick are
common. comman,
lce movement {maximums)
fFast ice (0-30 #t isobaths) 10" fhe, 10 fttr, 10 fitr, NA
10? fseason 107 lvseason 107 fseason
Fast ice (30-80 ft ischaths) >107 fhe, >102 fuhe, NA NA
. : 107 tseason 107 fiseason
Transition zong (>80 ft isabathg)  10° fuhr, 107 tihr, NA NA
>10* fyseason  >10* fUseason
Pack ice 1010* 10°-10* 10%-10% 103-10*
the, >10° fnr, >10° fthr, >10° fthe, >109
fi’season f'season ft’season fseason
lce features (open water) 10%10¢ 107104 1010t NA
fihr fthe fhr

{c) M

He-7 3 — b BOATYRED, B5M sec THEH, RELAYA Z7uorophTid, BE
25~27m/ sec BEORSEA TN TS0 "

1ARU 7T AOBRIF— 2%+ h+#n®6.3.1.21 0, B63.1.2.1 1 KT

ﬁ—?x—bﬁ7y¢79—ﬁﬂ§(ﬂ&&L21ZEM)@ﬁN%&UELDWQﬁOﬁﬁJ
b, RE - RmOBEERUBE 2 ROAT— 2 %%6.3.1.2.2CRT
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In m/s of winds observed from that dirsction,

/ ' SACHS HA OURC
va \ W:?f J

CAPEBaAtA Y I~
. y

BARTER ISLAND
7

\'/’

OSTROVIXG, Byvchnd

A

/\

(631211 RoEEpF—2(7H)

—-192 -



e ne*

ny* vt e
T T

JEIE LRI -

f Nicholson
2243 Paninsula

Lo P
,_Mr:c{:er;zfa .o Taglu LEGEND
s G6-33 @ Intormation 1iation
@ Wind or wave ncording deation
~{n

[+] L] 20 30 “«© 30

Malca mery tapgraremalr)

ATl 00

I s Ky L7
VT . -

0

®6.3.1.2.1 2 REOEIES

—183 —



#6.3.1.2.2 MNormal and Extreme Wind Conditions at Each of Eight Locations
(During June - October)

ocarion (H6.3.1.21 28K)

A B c D E 3 G H
Chart Depth {fect) 250 10 25 49 63 360 180 3660
Geographical Coordinates Lat: 69°S0' 69°17' 69°52' 70°04' 70°39' 71°00° 70°25' 70°36'N

Long: 138°59' 136"45' 134°30' 131°30' 129°30' 132°00* 136°00' 139°20'W

NORMAL CONDITIONS

Wind Dircction (Jume-October)

Most frequent directien from: E E E E E E E E
and ¥ occurrence: 21.4 21.4 21.4 21.3 21.3 21.3 21.4 21.4
_ Sccondmost frcquent direction: NW NW NW NW NW NW NW NW
and % occurrence: - 15.3 15.3 15.3 17.7 17.7 17.7 15.3% 15.3
Wind Specd
) o% time speed > 15 knots
June 18.9 18.9. 18.9 18.6 18.6 18.6 18.9 18.9
July 7.7 7.7 7.7 22.0 22.0 22.0 7.7 7.7
August 12.7 12.7 12.7 24.0 24.0 24.0 12.7 12.7
September 21.6 21.6 21.6 26.4 26.4 26.4 21.6 21.6
October 40.4 40.4 40.4 38.1 318.1 8.1 40.4 40.4
% of time speed > 25 knots
T June 0.4 0.4 C.4 ] 0 c 0.4 0.4
July 0.4 0.4 0.4 1.5 1.5 1.5 0.4 0.4
August 0.9 0.9 0.9 2.8 2.8 2.8 0.9 0.9
September 0.8 0.8 0.8 2.7 2.7 2.7 0.8 0.8
October 7.6 7.6 7.6 2.4 2.4 2.4 7.6 7.6
EXTREME EVENTS
Wind Direction
" Most probable direction: NW NW NW NW NN NN N¥ NW
Secondmost probable direction: WNW WNW WNW WNW WNH WNN WKW WNK
Wind Speed (hour) (knots)
2 year 35 35 35 42 42 42 35 35
5 year 38 38 38 46 46 46 38 38
10 year q] 41 4] 49 49 49 41 41
20 year 42 42 42 51 51 51 42 42
50 year 43 43 43 53 53 53 43 43
100 year 45 45 45 54 54 54 45 45
Wind Speed (6-hour) (knots)
2 year 31 3 31 38 38 38 31 3
S year 38 15 35 42 42 42 35 35
10 year 37 37 37 44 44 44 37 37
20 year 39 39 39 46 46 46 19 39
50 year 40 40 40 48 48 43 410 40
190 year 42 42 42 50 50 50 42 42
¥Wind Gust (l-minute average) (knots)
Z year 50 50 50 60 60 60 50 50
5 year 55 55 55 65 65 65 55 55
10 year 57 57 s7 68 68 68 57 57
20 year 59 59 59 71 71 T 59 59
50 year &1 61 61 73 73 73 61 61
100 year 63 63 63 75 75 75 63 63
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£6.3.1.2.3 HANEKE S EEHE
{H6.3.1.2.1 4 M)

MARINE AREA A Wave Summary (Visual observations)

Jan Feb Mar Apr May Jun Jul
Percent wave height 0-1.0 m 83
Percent wove height 1-2 m No significant Insuff 16
Percent wave height 2 m wave activity Data P
Max observed wave height 1.5
Station 1 Wave Summary (Hindcast model)
Jan Feb Mar Apr May Jun Jul
Percent sign wave height 0- 1 m 100 92
Percent sign wave height 1- 2 m No prediction 0 16
Percent sign wave height 2 m o 2
10 years sign.wave height
50 years wave height
100 years sign wave height
Station 2 . Wave Summary (Hindcast model)
- Jan Feb Mar Apr May Jun Jul
Percent sign wave height 0-1m ' 100 100
Percent sign wave height 1-2 m No prediction 4] 0
Percent sign wave height > 2 m 0 0
10 years sign wave héight
50 years sign wave height -
100 years sign wave height
Station 3 Wave Summary (Hindcast model)
Jan Feb Mar Apr May Jun Jul
Percent sign wave height 0-1 m 100 99
Percent sign wave height 1-2 m No prediction 0 1
Percent sign wave height > 2 m Y 0
10 years sign wave height
50 years sign wave height
100 years sign wave height
Station 4 Wave Summary {Hindcast model)
Jan Feb Mar Apr May Jun Jul
Percent sign wave height 0-1 m 100 95
Percent sign wave height 1-2 m No prediction o 4
Percent sign wave height > 2 m 0 1

10 years sign wave height
50 years sign wave height

100 years sign wave height
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1) "Ice and Environmental Data from the Arctic', Marine Structures
and Ships in Ice, A Joint Norwegian Research Project, Report
No. 81-01/2, July 1581

2) "Constructing Artificial Islands in Canada's Beaufort Sea®,
Ocean Industry, June 1982

3) '"Meteorology and Ice Data for Arctic Icebreaking Vessel Design",
Arctec CANADA Ltd., Dec. 1981

4} K.R. Croasdale
"Ice Engineering for Offshore Petroleum Exploration in CANADA'",
POAC 77

5) J. Hnatink
"Results of An Environmental Research Program in the Canadian
Beaufort Sea'", OTC 2445

6) Offshore, Dec. 1982

7) Normal and Extreme Winds and Waves in the Canadian Southern

Beaufort Sea, Intersea Research Corporation, July 1974

2) BBBeFORARATE
ERBEFORNRUFEREL LTRIRTh 2EBEREHORHRHCOWT, UTBNT 2,
BEASHOENZNG, FEHEESRETZ206FENTHY, BREBLSSOF MR L LTS

£5NTHDELDTH 5,
BRLAXBRERDOL DTS 2o

Det Norske Veritas (DnV) Rules for Classification Mobile Offshore
Units 1983
American Bureau of Shipping (AB) Rules for Building and Classing
Mobile Offshore Drilling Units
1980
Norwegian Maritime Directorate (NMD) Mobile Drilling Platforms
1982

@ B
DnV TRABHERIRATEL bR T
Vtz =aVimin10 ¢ 0.1Z)ﬁ (m/sec)
Vigz >Mean water level b Zmiiit 2FGEM
Viminl0 ' Mean water level E10miting 2 1 SGEHRHE
(BRS55m sec L b REAZME L BHTEEAN)
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a : Gust factor

g . Height exponent

z T 8till water level 2 & @BEHE \
ARV AIUTOLoKEL LN TV B

Averaging time interval
Factor 1 mjn 3 sec
1 hr (Susta}ned)
a 0.85 1.00 1.1 3
F:4 0.126 0.090 0.076

ABTH, B LTROENRIR TV 5o
SHRERUBHRE © 36msec ( T0kn)BLE
2 A ® © 51.5m./sec ( 100kn) Bl E
NMD T, ¥ v xFalcid T4 récomnended weather criteria & LT, RELERD
ERELLRTND,
Vigrie = 410 sec
(I
DnV TH, guidance & LTHEFRDOLOILEL TN
—Regular design wave IE2WT
0.22 T2 {T=6 sec )
Hy = T?
4.5+ 0.02 (T?-36)
T : REHEAM (sec)
Hy @ &E¥E (m)

—S8hort term irregular states of seal{lDWnT

{ T>>6 sec )

0.156T,? (T, <6sec)
He = 40.206T,*—0.0086T," ( 6sec <T,=12 sec)
0.104 T, ({12sec<T;)

T, . Wg¥o7, 72 e KM (sec)
Hy © HA#HEE(m)
ABTW, FTASZCEETAHETHEAT L OL L Tw.
NMD Tii, recommended weather criteria& LT/ 42 . —BHOZT7 1 — VM FEE
T EEREE (H ) 52060 TWaEY, Fhickss, HTOWHAKE B,

Hy = 10~17m
() B K&
DnVid, BHzEPHEREFOARAL LTROATEL TS,
50—Z2
Ve = Vte+0.017V1minl0 T
Vte ! reference tidal current veloeity { M. sec)

Viminl0 | reference wind velocity { m“see)
zZ " vertical distance fromstill water level (m)

(Z=50m)
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ABTH, MMtBEH LREROLRA L L TR LA T2, BEFEERLTWEN,
NMD T, recommended weather criteriadl LT, /A v .. —HROoMBLLTO L
GERLTW A,
Vtide (M®¥H)=05~0.8 (msec)
Vwind (%x%d) =0.8 (m/sec)
@ MERSHcl OKEREEE
ABEHOKBEBEYICRENCR o h 2MERRERCIERT AXEFEONEEOBBRN & L
T Lok, FRZBERHE LTHMSSI v~ F "MARINE STRUCTURES AND
SHIPS IN ICE;ICE LOADS ON MARINE STRUCTURES”, 5% ICE
LOADS ON STRUCTURES WITH INCLINED WALLS&mmt?’m
tt,*ﬁﬁ@%iﬁ.ﬁﬁi@ﬁmkomrﬁ.*H%ﬁé@ﬁs7$&ﬂ%§%3ﬁtrﬁa
7 \re ‘
@) KEHOELHR
K THEYT 2REMCL 5 OKENRBATERANTS D, +OBRREELRETH 5.
BEGOKBREEORR LHET L VESEWELS LKL b, KEHOBRHITHEC 2 5
&3, BROIEBMICHLACIhDDH 5,
AXTH, BUEREHCIERTHREREEEORE 8~ 2, KEHKMERXOANF L LT,
M 2 BOEMRR e M LT 5 ERR TR bIN B,

t5
Fa = 0.680,b Fﬁf

nz2s
C,+Zbte, gC, 1

LT Fu : k¥EP

% : KeodhirEer

Pw 1 ROBE

oy L KoEm

T Wi
WGV OB
KK/ 2
SR
KA OB X
KECH T 28 TmOAE
DOERER
CiC: | HEOARa LEREN Y- ThE 28N

DXoEAR 1 Bk, AT HCHELENORETHD, E2 Hit, KOBH 2MhT A0 A5
TNOETHE, TALOHEQOEMIIA L I, MEVOKRES, KE - KRIKLVED D, 21,
BEV KD BVEKEKOMICH  BRNEKX E 2R L & LETTEL -5 A— 2 TH B,
Y AER TR KT T A LR LTWEW,

MR RKRHREY L OBEERICL b, BV VB Ih bz & EATRE LARTd oA,
Kowme— Vi, (DESEHN, (DGR, SRS, VEBESA2Hohbe— VOELZ D
B AMBABRMSED 5o Bille— FEOWTH, TOBBIRIIGELLE— FICX blMah
2LBbhtTnd,

KOBEROTIEEORBTE R 572, COBBHRWAKOSREORENZ "B "
Dt & LTHBE6.3.1.2.5 R IR T Bo

B R N M «« om
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#6.3.1.2.5 K o & &

gl i 0.8 ~ 1.0 MPa
i o 1.0 ~ 1.2 MPa
1 1 3 ~ 1.0 MPa
— o R 50 ~ 10.0 MPa
* ¥ 2 H 20 ~ 50 MPa

BEHOREHEMI LT Ll D, Ky oWEVICEL SN SKENCE U THEN»ERE
Th, COMEHCL 208H, BhifE— Ay PKRIEAT 2. ThicEwkopdse— Vit
FRams s TR~ BT LER LT L hEWKEMNCL bKs g3 2, D% D
g &9 1ocal ARED L, HTHE L WS global ZRBRELIFERETTFLHEE
hitnwa, BEYONBERBPEERBICEEL L TKEAEETEL 54D, KFEIKEND
BnEHEL L - Tnd. BEROELHE LT, BiSn - MBEREHNI¥ORKRETAV
ABHR E—HONRERCHAOREZER T LY h MWAERA NS L, ThOOER
b DEF6.3.1. 2.6 ICRHBEINICE Lo

#6.3.1.2.6 H#E BEEERTLIKEHOREER
. HENTENYI(1946)
7 _‘ﬁﬁﬁihﬁﬁﬁl EDWARDS CROASDALE(1976)

£ E | — CROASDALE(1978)

NEVEL (1972)
BERCHA & DANYS (1975)

B 3% A B AR |

RALSTON(1977)
” {1979)

KENHEER,
EDWARDS & CROASDALE (1976)

" AFANASEV (1971)

TRYDE (1977)
{ KORZHAVIN

USSR SN 76/66

CSA S6 1974

CANADIAN LIGHT HOUSE PRACTICE
\_ CANADIAN ” DESIGN

L oMM

b BERA
Tk, DEBEGCoOrBEINAKENCBRBRC OV TE~N L. F0% (&, KPTK
KAFRT 2R NEES(CERN £ LT RBEK ELOR S 5N, FRIEDWTOELFLCES
{HDTH L.
TFELHCONTERL, BAmaRd—E L T#iBET 2.
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() MEEEE FOMEERARIT ( B2 T )
K MR EOMBER & LTk 5. (HETENYI 1946 )
BRASh2AKOBRA SHB LB L LT N 22 00F A ILARZAVLA T 2o
( EDWARDS & CROASDALE 1976 )

LOBRRTH, XKdMBSHOWATRAIhLIZ LR D, BLEORBHUTCOWTRES TS

BIPAREYC O THE, RWCH DRV
() &E2XR7TMKE (CROASDALE 1978)

BAINDKOBEEBIC AN, HERBRITTEELARTE T2, KOoRBL LT, M
2237 0RIEME, ZORTRIENKCELOREBICOWTIRNWRBDCOWTHEL
FHR54£508KED, ENTHV.

(D SHEEER B 4T (NEVEL 1972)

FROBMMBE LR L CHn o Bercha-Danys (1975) HCOE % ¥IGA L THEKR

W ENOBRKEN ER DA,
¥ plastic limit analysis (RALSTON 1977 )
TEBAUET A E L BNBETH5, Johansen & Tresca OB R RHELH AL
RO B ETT» TV 5,
(6) SEAR
NERBEB S5 RN M SORRL VERINAERIOS bELZLOHROLEF DTS
%o
(i) EDWARDS and CROASDALE (1976)

HRm45°, BB 1 mMOMECOWTRKETa@oWTfTabheRRB L VERLART, X
OHRBLAKOBT R LOM AT DR 2. KEMBOY YEMEK01TH ke TOR
OPFICAFEOHERES Th THEVARREERNIET S 2,

(il AFANASEV et al (1971)

HE28mt TOH#MICOWT, 35aBtTOKBETERL, AHTRBBRRKESHTER

T Lt MEESOAEIL60° 45° 30° Th.,ike
{idl TRYDE (1977)

BWIUORIKB COKOBERB LT 2, KiOHBE— FERETICLCL hMnk,
TOREE— FERET 5Bt KOEEIE01~4 m s BUETH2, T KohiFRE
GEXNOL10~30THHTL48TNTHE. CORRMELEETHARSHEDICEA
AT &V,

(W KORZHAVIN

EN, ), ¢AENKOnTELRELLEEL, TOEONOR/MER L b KDHEE N
LEELR

Loflt, YRYLHFFAOHERN, BESEHIEHSS Do

¥ USSR SN 76766
BB EARER TR LA T 20
W CSA S6 1974
(vi) Canadian Lighthouse Practice
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M T ~AHEEDOHEL:%E63.1.2 7Lt L%,

#6.3.1.2.7 HEKERTLHER

A O E H # #H A
B w =
B % h o H BH 82T hH
M LRI ougt® | 0%°
(Simple 2-D Theory) OGBapb( E G Zbta, gCe
7 T £ X pwgt5 023
0680.L b
(Adjusted 2-D Theory) % ( E G Zbto, gty
=
ﬁ ffﬁ%ﬁ%ﬁ) Ay (A O t3+Ay 0Lt D?) AgA Pyt (DF-DL)
B pi_E AT 1 2 as
(NEVEL) ﬁbdhtlL%+20H)+05(L)l
EDWARDS & 2 2
) 0
CROASDALE | "8%* 6.0 245Dt
AFANASEV aph? Sy tan £193L,
*
TRYDE gFﬂcbh
&
E # Cimkdcbh
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%\ yssr SN 7666 Ao, 1 tan B
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b B OE
Ou TkOEE
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6.3 1. 2B CHBASEEYRL, 0631215801 6 &Ry B75 7+ LTEFT 5,
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1) MARINE STRUCTURES AND SHIPS IN ICE
"ICE LOADS ON MARINE STRUCTURES'", REPORT NO. 79-02, Aug. 1979
2) DNV, "VERITAS' ACTIVITIES ON ICE; Draft proposals for joint
industry R and D projects"

3) BAEMFRBESE187HRSL "KEBNA  RHENEDORH -  BARKT AHREE
MERBHA3S1—2 BUSTEIA

@ REEECERMFEH
{a) Rule, Regulationit )t aH&H
BREBEORule CEEBRFMMOED SRegulation D EHERMBWEL WAL,
@ s4rorex
@ R K &
QB YW R
@ 54 ~E
CONT—RRC Lo (£6.3.1.2.10)
#6.3.1.29 CER LASEBRAMCHBRBEOAL— A~ & EFT,

#£63129 EREH, HN%

E X & K
B 5
BEO#R] &
M NORWEGIAN MARITIME DIRECTORATE
D

Mobile Drilling Platforms

UK/DEN | U.K.DEPARTMENT OF ENERGY

DET NORSKE VERITAS
DNV

Rule For Classification Mobile Qffshore Units

AMERICAN BUREAU OF SHIPPING

ABS Rule For Building and Classing Mobile Offshore Drilling
Units Single Point Mooring

AMERICAN PETROLEUM INSTITUTE

API
API Recommended Practice for the Analysis of Spread Mooring

Systems for Fioating Drilling Units

EEREY | BABEES
X R | #ROBBOEWN Lo XM - HIMER

BERAE] + KX ¥ &
VEMiEs | BEMRBBYBHIEH (B) BE

ETA ETA offshore Seminars Inc:
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%6.3.1.2.10 %&Rule, Regulation WX ARFIEXHE—EE

WETEER BEREY - ; P r — s
N K/ DEN DNV i LR
. M D UK/ ABS API T te oy | BRBREHRI IS e oA
(a) HERRHIREHT (a) FEFHIRRET BERINRRT
«FL—- 7'{""@82”& l./
e ReER
1 54ryoLseXR operating 3 operating 3 7 . Tmax /Py HERNEI I SHK | BREE
VOR & fc BT AR T 3.5~ 4.0
—ARpE % — & B W & EDL/3ET 5
POSMOOR
operating 2 operating 2 % # |POSVDOR \' Riser * ';‘“1‘%’2.?~ 3.0 & # £ & ®
. SBM connected N 1
extreme weather 2 extreme weather 2 operating 0.37 0.33 | _ 30%BS D:Ii.‘lrlfling 3.0
1 Tyh—4
i ; Max. desi i11i
RIS s — R Survival 0.55 0.50 AR 3, esslgn% BS Drilling 3.0
extfeme weather ) extreme weather 1.43 Eagaaie& 0.55 0.50 : Stand-by 3.0~ 2.0
<fcf£ LEgicmEns | 0> <5&{§Kfm®ﬁﬁ%ﬂi > perating Shininted
5 : a A 2.0 || Damaged urviva 2.0 Break or
258 > 554 Survival 0.8 0.70 magli.mum anchor slippage
fhoHEEIC L 218E, kit (b) EHEIERHT
BEo&etEsrd 258, o B 2RKIEEEEL20
BEE IR 5o SR EleownW TR E %
TZOEORED Do
@ ®» 8 B BEZL HEZ L HEZ L Max . 6 % K% % # # & K
BRREMEC—ABHEROK oper . Normal
Riser EX tan 10° HBE % EET 5% Riser Loq Drilling #3 %
—0.025 K& Connected g i
Drilling 6
e  HREL
esign Stand—by 10
Survival
ar Unrestricted
maximum
B 4K TryH—~OLMENEZIT S Ty H—~DOLWENEEITH [EDOTHEWN TyH—CEMERD | KED S5 EICEZEEM
+a%EI. o s s =0 7> /1 —{28E )] | Damaged FEHLZVWR . ARPOETHT LD
Survival OEKXZ 4 VRN £\,
L THaTHHT Lo
o HEFEORAHAE « POSMOOR V

¥ OE B R

» Thruster assist TDOWT3
HEDD '

AL CHlOBEY DD B
o Thruster assist LDOWT 3
Edbo
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(b) KEBICErT HEBEREORTRY
KE, ¥—7 2 — VETEE 2T % 5 BBRMAEE " KULLUK "ORE &G4 £8~N Do #—
7 2 — VBRESOEKIR, XHORKIMORL 2BRZERD LD, REREIZELZICD
mf%ﬁéhfhé?

%£6.31211 & 3 % #

(1) Open Water

a) AHRES 2.8m

v¥— 7 B 8 sec

18 b) & (sustained wind) 45kn/H ( 12.5m/sec)
e) Mtk 0.5m/sec
£ (2) Ice Condition
a) JKE 1.2m, giifiEE 758 kpa
b) A% (sustained wind)  55km/B¥ ( 15.3m/ sec)
¢) ¥ 0.3 m sec

Survival

(1) Open Water

2 a) ABRES 7.3m

Y— 2@ 12.5 sec

& b) JAi# (sustained wind) 110kn/#  (30.5m/ sec)

e) B 0.7m/ sec (FAKMHE)

B () Ice Condition

FR AT AIHECE AR, Ty h—0 BB TE 5L 5 KE&E
IhaZ ke

Ice Condition IC DWTIL, Fk#A%Zs 6% % ice management supporticl b, BEwn
K®Ridge, KILELLFONDLL O A > TWAB. 1 1 APH]Tpressure ridge sEETK
E0.3~0.5mMEFECFNTE, AMOITHREBTHILEHINTNE. Tk, K&ZHNFEKD
Ridge ®ZEKOBERCN LTS SurviveT 5L 9% o Tnbho T ¥ H—5 4 ¥ ORREEMLE
Bk, EoKL%E ice management support AERIKER LA WRKO—RKBEICHAL SO
Tdbo

(c) BRRZHOHENE

B OB RO T TR 5 AREE, HEELEDbhoDb 5 863
1.2.1 2 CRERER  KRREBOWMHBER LT T Tk, ThbOT— 2 EANABREMFHE
OFlow chart #%6.3.1.2.131CFRTe L LaML, KREHFLOWTHE, RETHICHEILS
NAFEERZNOABR TS Do 2 AKRT— 213, #KEMH - EERRICL DV KE (KD, HF
BIAEBRIKEL AT O ADEENHE L.

B, BKIRO ice engineer 25, I— X EOKFIDOREALERETZV, KRR (
ice map ) BIERT BT AT HRTH Do ‘

KEOHCBECL D 1 0 BBEREORD %17 9o MBHICmap 2ERTHC &L b, KOB
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#6.3.1.213 BIREZFHME O Flow chart
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1) Goida, K.P., ftt, “KULLUK—An Arctic Exploratory Drilling Unit ”

2)
3)

OTC 4481 , OTC 1983
=#—KULLUK
R " BEGEHORH LBR 7, BAENFELE BETY |BES 4609, March, 1980

(6) BikoZE LHEEN
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VERTICAL-SHAFT WINDLASS with a combination wire
rapefchain mooring system will open up space ofr the main
deck and allow higher variable load.
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Tension in
anchor chain

Component iorce

in "Y™ direction

pin
Component lorce
in “X" direction
seen in measuring
pin

,1! b
Tension in

anchor chain

[ e S

B

STRAIN GAUGE mounted in lower fairlead pin functions as
the principle sensor in a computerized mooring load monitor-
ing system that measures ‘soth horizontal and vertical com-
ponenis of anchor tension.

66.3.1.3.2
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FUREDD L, BEd, ARFOF - — Bk PlLH B2, 7 TYV—F—E9 4 FF32LD
MEEREIEINTHY, BRAOBRIBRET L 0B OMB 2@ E % 20
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#6.3.1.3.1

_-Test lond and mazss. Sivd link chafn cables of grades NV I\-i and ORQ.

Diameier of Chain af Stect Chain of Qil Rig Quaiity - Guidance
chain, inm - - -Grade NV K4~ QR _
Proof test © Minimuem Proof test, - Minimum "ApOrox. mass
T load breaking o load breaking’ ©opecm
kN strength kN strength - - kg
kN T KN - '
50 2 160 2740 1430 2110 . 54.0
52 2330 2960 1 510 2270 534
54 2 500 31170 1 629 27440 " 630
- 56 2 680 3 4Q0 | 749 2610 §7.8
58 2 360 3} 610 I 350 1794 7.7
60 J 0350 '} 3in I 98¢ T 97% - 778
62 3 240 4120 © 2 100 - 3170 © 83l
64- .3 440 4370 2210 3360 88.6
1 34840 4 430 2 350 1 560 . 942
638 Y350 4 290 2 500 J 760 -100.0
70 4069 - 5160 2630 3910 1060
1Y 4 3199 - $ 580 2850 4 290 1152
.36 4 739 6 010 o770 4 620 1249
% - 4 960 6 100 3}z 4 350 NEI¥.
L1 51320 ~§ 750 3 430 -5 190 142.0
34 5 630 7120 '} 630 - 5530 152.%
37 5 050 7.690 } oo £920 1642
U} & 440 8 30 . 3170 & 190 1760
92 & 700 3 510 4349 & 590 1840
73 7100 9010 . 4 4609 6 930 "195.6
37 7370 % 360 -4 776 T 200 2050
100 1730 % 830 5040 7 600 2185
102 3-050 10250 5120 7 830 227
1063 -3 480 . 10 770 3 3GO g %0 241
167 3 760 L 130 5 620 - - %3580 50
1 . 9350 870 5 060 2130 169
114 3 790 12440 6 350 9 570 234
t17 10 240 RERULY 6 640 |0 0G0 299
120 10 700 . il 570 T8940 §0 450 4
122 11 0o ) . 13930 .7 140 10 750 126
114 1t 320 ‘14 130 7 )40 1t 060 335
127 {17190 - t4 980 -7 649 11 520 35t
130 12 %70 15 580 . 7950 it 930 a7
i32 .12 55¢ ' "15 9%0 g 100 12 290 373
137 .13 400 17 020 8 630 . 13090 408
142 14220 18 064Q - 9210 13 890 4]
147 15050 19 120 9350 I4 700 470
152 15 890 20 150 10 300 £S5 520, - 500
157 16 74 1270 ‘10 850 i 350 " 530
162 17 £00 ' 22 )50 It 10 17.19¢° 570
4 vAvYe-7
) Z70FEErAVWbhA7 4 v e — 7L LTHERERAPI 6 X 37 Class Extra Improved
Plow Steel iFICHEWbLR TV 5o
%6.3.1.3.2[CAPI 6 X 37Class ORELLUFERY, 06.3.1.3.3Cv 1o —7oll%
o

ZPEECEWLhAY A Y — FYREFEROADDL, EROA ;¥ BRI EV. (A2 ¥
T AL1 0BEERENMETT 5. ) BB TA »* 5T 5Drawn-Galvanized 3V 61
Do E7e, WHEMLG6 - strandoV 4 ¥ r—7HEERAKAVWLhTETWAER, Thiks LT
Spiral strand @74 ¥ e—7O@HA RN INODOd b H6.3.1.3.4~6.3.1.3.7{6 -
strand & Spiral strand @94 Yo —70RE L EOMELTTo
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6 - strand & Spiral strand DR TELTOL 9 I0% A
6 - strand .

a) TR THR ool B

b) Hin

¢} HTEHCEN
Spiral strand

a} WEX

b) Wer#E

¢) BIEEH ItEW

d) hAlChzn

BHAWORETA Y o —~FHBASEEE 2 28, REOA » ML, AEX)zFrre
HY v FrTSheathing THAAHE VMR AINTWAE, —WE LT, 73 AF 52 TSheathing
L, 20EBT/— Vel LALO%E6.3.1.3. 81CF T

74¥0—-7ORID, T¥H-V4AYFOVF BRI DHREZT 2, chiTY2CH
WHNA LORBRL500mBBAKEI TS 5,

Kig) FENTRZ A Yo —7OBRECY Y, BF L L EBARGKI2ER LA 5o FIGE
~Nfck 7% Sheathing 2 FORRAIBY T AIMLERDS S 5o

T, VAXo—THERKLEMLLZVEIGRM I A Y ORBKOWTHA 2 RRISETH Do

#£6.3.1.3.2

‘8 x 37 CLASSIFICATION WIRE ROPE, BRIGHT (UNCOATED) OR
DRAWN-GALVANIZED WIRE, INDEPENDENT
WIRE-ROPE CORE

1 2 3 4 5 I 7 3 9 10
Nominal Approx, : . Nominal Strength
Diameter -Mass- i
Impraved Plow Steel Extra Impreved Plow Stesl
. : ’ Metric Metric
in, mm LY41% ki/m b kN Tonnes b kN Tonnes
Y 13 0.46 0.63 23,000 102 104 26,600 118 12.1,
YAy 14.5 0.59 0.88 29,000 129 13.2 33,600 149 152
W 16 0.72 1.07 35,800 159 16.2 41,200 183 18.7
% 19 C1.04 1.55 51,200 - 228 23.2 . 58,800 262 26.7
% 22 1.2 211 69,200 308 314 . 79,600 354 36.1
1 26 1.85 - 2.75 89,800 399 40.7 103,400 480 46.2
14 29 234 " 3.48 113,000 503 51.3 130,000 578 58,0
1% 32 2.39 4.30 138,800 617 63.0 159,800 m 725
1% 35 3.50 5.21 167,000 743 5.7 192,000 854 §87.1
1% 38 4.16 6.19 197,800 880 . 89.7 228,000 1010 © 103
1% 42 4.88 1.26 230,000 1020 104 264,000 1170 120
1% 45 5.67 B.44 266,000 1180 121 306,000 1360 139
L% 48 6.30 967 404,000 1350 148 343,000 1550 " 158
2 51 - 1.39 11.0 344,000 © 1530 156 356,000 1760 130
2% 54 . 8.35 12.4 384,000 1710 174 442,000 1970 )
2% 57 93.36 13.9 430,000 1810 185 | 494,000 2200 224
2% 61 104 . 155 478,000 2130 217 548,000 2440 249"
2% 64 11.6 17.3 524,000 2330 238 604,000 2690 274
™ 67 1238 19.0 576,000 2560 261 662,000 2940 300
2% - 70 14.0 20.8 628,000 L2790 235 722,000 . 3210 327
2% 74 153 228 682,000 3030 " 309 784,000 . 3490 KET
3 77 16.6 24.7 740,000 - 3290 338 850,000 3180 . 366
3% 80 18.0 26.8 798,000 3550 362 916,000 4070 415
3% . HJ 19.5. 29.0 853,000 . 3820 Jg9 984,000 4380 - 446
I 86 21.0 3.3 918,000 4030 418 1,058,000 4710 450
k1 20 227 33.8 - 982,000 4370 4435 1,128,000 5020 512
% 96 26.0 38.7. 1114000 4960 . 505 1,282,000 . 5700 582
4 103 296 . . 44.0 1,254,000 . | 5580 569 1,440,000 6410 653

—
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96.3.1.3.3

$ix strand rope characteristics : - size, weight and
breaking load relationship.

B6.3.1.3.4
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Spiral strand characteristics : - size, weight and
breaking Toad retationship.
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Spiral strand characteristics : - tension fatigue,
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6.3.1.3.8
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]

(a} CONNECTION {b) CONNECTION {c) CONNECTION
AT MID-LENGTH AT PILE-HEAD, AT SEAFLOOR
HEAD DRIVEN
BELOW SEAFLOOR

[%6.3.1.3.1 2 Pile anchor types

RANGE OF CABLE TENSION

1 THRUST PLATE

f—— SOIt, REACTION

SHAFT

SCIL

(DURING DRIVING)

[€6.3.1.3.1 3 QMC Pile Fluke Anchor
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(T re————INSTALLATION VESSEL

SUCTION & -—,.‘-—'LOWERING LINES

CONTROL I.IMEIL!CAL\

MOORING LINE

LOWERING YOKE

6.3.1.3.1 5 Suction Anchor Installation

| SHAFT

JET SUPPLY I | | iSUCTION LINE

FILTER

B6.3.1.3.1 6 Typical suction anchor with Jet
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Normal appi-oach and anchoring procedure with lip,'bt' ta
moderate wind from all directicns on starboard side of

1 ocatlon?ig heading

i
|
|

¢ Transit ‘ wiad

51

P, .
9 3rd anchor

6th anchor 2

~

P2 / s2
k&EP anchor / 7th anchor
l _
¢ | Location
Lol
/. : -83
5th-anchor / \\ \ .4th anchar
; N
N 3
. ~
: P#/// N \\\ Sk
SO
. . A
‘2nd anchor ’ \\‘JSt aochor
. AN
0 : . - . v - \\\}. :
. With the wind on the portside of location, N
approach is made with locatiosn and Ne. Ph N
in transit. . o ' \"\Abpmach course
The anchors are se&t in this order: \ o
No. P4, No. S4%, Nao. P13, No. P3, Ho. 53, . \
¥o. S1, No. P2 and No. S2. \
. _ N
\
o"?\, ‘
\ 1 \
£6.3.1.4.1 Anchoring Procedure \'\;)(,d
N\
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6.3.1.4.3 Operation of Chaser System
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Performance:
Water Oepth

t 24 - 55 meters
Orilling Qenth

6100 meters

HuM 24 sided hexagonal truncated cane
DTameter:-"fma{n deck 8l.0m
water, min, draft 63.0 m
max. draft 72.0m
Quarters 108 persens
Mooring ot L
Winches 12 - Hepburne electric driven, single drum type; band
brake holding of 408 tonnes. .
Lines 12 - 89 mm x 1150 m; 520 tonnes breaking strength

Anchors 12
Auxillary 12

15,000 Xg 7S Bruce .
Interocean acoustic Rig Anchor Release units
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#6.3.2.1.2 1K, survival &8 %75T.

#6.3.21.2 survival &

Open Water Ice Conditions
a) 7.3 significant wave height The maoring system shall be designed to be
12.5 second peak period capable of releasing from the anchors,

B} 110 km/hr sustained wind

¢) 0.7 m/sec extreme current velocity prior to the loads reaching the system's

breaking strength.
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(i) ZEeEsEBE
“ 2 =
19826 158XV 1087 HECOMPHCREFINEEERBEROREHRE YR 6.3.2.1.
—5iRT,
%£6.3.21—5 EBREDRRLEEE

Cumul. %

Mert Level No. of Events Hours % _ Better
Blue - 2420 88.5 -

Yellow 6 188 6.9 88.5%

Red | 3 23 0.8 95.4%

81;ack 3 105 3.8 .96.2%

12 2736 * 100.0

FBERTEERER ( yellow~black ) iR, B THEIKROBLCHETVWESIREDOT,
T2 MARV—Y 3V, KDOBRA, BOAZ Y 7 4 CESSBRRERRBEL TR, 1982
H£FFI3, permanent ice pack DIEUHLMBAEL, WEEMVBEL R -%0T, RRIZH
FEIDEOD L EREINRT VA,
=@ £ ZF
1981405 1982F LT THNEAFICIE, KEKXSENKBEYHEN oz polar packDRAS,
BRAET A4 vHrDITEBUBLEDOD, BHRER (yellow~black ) BES I T,
{¢) 577 FVAREBIUERY ) —v 7 v FER
575 FAVRUERS Y —v T ¥ FIRETE, XLUSETEXRREFTHY, M6.3.2 1.— 3T
£ 57 DRLoEEER] BEbhs, 7)
EHEHE & [LFRTCESNT, KLOBBFAOHEXHEL, RBRBROKE IR, ELRED
&V HITTRE 5,
b UokILSEEEiRie ke B g 2 KL OBB S L ERL, BERBEICA - TREDL, ) I/RER
BEIEBEHBD TREER B LRI LIV,
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(i)

| APPROACH 2ONE
AXIS

\

ICEBERG APPROACH ZONES

A
0,
0,
0,
d
z

Rt St

svordance lmit

- Predicted Anguisr Varuton in Apywosch Dwectn
2 Minimum Avoidence Dnisnce

* Mirvmum Coltrmon Distance

* Mivwrum Closedown Ditence

= Sate Pasung Distance

« Etfective Matform Olemeter

{inchurting Mooring System)

6.321—3 XULUDEAER

1976 ER L1977 FOEFEE v — X v EBHS ) —v Iy FRECEBLEF ) vy oS
“SEDCO 445" L2347 Y7 “SEDCO 709" %»HBCHREINLBEENRY 632 1.

—6iiRT, 1)

FRRCIAF L v 7ROV s = v SV 27T LREFBLTV D, BEHBRYEG 3.2 1.— 4257,

T

R7Y

GREENLANO
L2d 34 L)
TR T e

TR MORS

g ¥ T seen o

':rﬂ@ Crarvmome enu
nm@ AT amcue
4

‘rn@ ATRAMAS emous

o 1 1]
0

M6.321—4 EHIrI—vS5v FREX
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#6.3.21—6

ol e

Disconnect Zone

Red Alert Zone

Yellow Alert Zome

Green Zone

Established by a line drawn at a
distance of 0.5 n. miles from the
vessel, all ranges being defined by
the position of the radar antenna

on the bridge.

Inner edge established at the
DISCONNECT Zone. Outer edge set at
distance equivalent to two hours'
drift from the DISCONNECT Zone, or
the drift over the number of hours
estimated by the Sonar Drilling
Supervisor to secure operations,

or 1.0 n. miles whichever is the
greater. Should measurements of
berg depth indicate a danger to the
wellhead, allowance for time to
cement the hole must be included in

determining the size of the Red Zone.

Inner edge at end of RED ALERT Zone,
outer edge at RED ALERT plus &

hours, or the number of hours required
to safely terminate an operation
piror to securing the well for

evacuation, whichever is the greater.

Extends beyonds YELLOW ALERT Zone.
Maximum zone of plotting of bergs

in 25 n. miles.

(i) FedesmBE

19734FERL1974FE FY v/ y Y PELICAN” TEEINAL, kB Lokl k35
%3632 1.— 7 8) KET, MBI FI v 7 ROV a=v S VAT LRERFLTED,

BEBRIZIT 7T FVIRETH %, (H6.3.21.—5 )
F4F—BOGOEUIIZ, SKILAGEEA LD 0.5 i vE 1 w4 VO HY, KILOETHHE

EZHRINRICIT b,

of
T NEWFOUNOLAND:

BONAVISTA C99

™6.3.21—~5

5737 FviRgE
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$6.3.21 —7 ks Lfkilic kB ifashi

in %
TOTAL
PERIOD CE \CEBERE ( fce + lceberg )
1973 1974 1973 1974 1973 1974
Juty 16 _ 31 i 215 0 8.7 0 30.2
_ 15 0 12.9 0 4.1 0 -7
AUGUST
16 _ 31 0 0 0 0 0 0
1_ 150 o | o 0.8 0 0.8
SEPTEMBER
16 . 0 (] 6.8 0 6.8 (]
1_ 15 0 0 0 o 0 a
OCTOBER
16 _ 37 - 0 - a - 0

TIME SPENT WAITING ON ICE-PACK AND ICEBERG. OPERATIONS WITH PELICAN: 1973 AND 197.
THE ABOVE PERCENTAGE INCLUDES TIME LOST WHEN OPERATIONS ARE SUSPENDED IN CASE OF ICE-PACK OR
ICEBERG APPROACHING. IT INCLUDES ALSO TIME NECESSARY FOR SAFETY OPERATIONS AND SPENT 3EFORE
RESUMING OPERATIONS. (NOTES: NO ICE HAS BEEN SEEN IN JULY 1973. NUMBER OF ICEBERGS SEEN
WITHIN 25 WILES IN 1973: 66; IN 1974: 220

(2 % W
P VT, BUAEEIR, W A ABERRKBICHE - B, ThOOENHHFRORKDENC

%6.321—8 ZHREHGN

Number of accidents for platforms in world ~ wide operation during
70.01.01. - 80.12.31. according to initiating event and exent
of structural damage

Source :  Lloyds' list
ALL PLATFORMS { MOBILE PLATFORMS )

Initiating Structural loss SUM

event Total Severe Damage Minor No

Weather 7(3) 12(10) | 30 (22) 21 (17) ?( 8) 79( &)

Collision 4 ( 2) 5( 2) 17 (11) 21 (18) 23 (12) 70 ( 45)
» Blow = out 15( 5) 13(7) 15( 9) 14 ( 7) 13( 6) 70( 34)

Leakage - 2(2) | 3(3) - 3(2)| 8( 7)

Machine etc 1 2(1) 5( 4) 5( 6) - 13( 11)

Fire ") 31 | e 2) | 2012) | 19 (12) - 48 ( 27)

Explosion | 2(0) | 3(2) | 10¢4) | 9(6) | 1(0a)| 25( 12)

Qut - of - pos - - 3( 2) - &( 4) 9( &)

Foundering 4 (1) - - - - 4( 1)

Grounding 2( 1) 6 ( 6) 3 (2) 5( 2) L) 17( 12)

Capsizing THEE 4( 4) 3( 1) 1 (1) - 19( 17)

Structural ?)

strength 1 (1) 6 ( 4) 20 (14) 25 (20) 2( 2) 54 ( 41)

Other 2(0) 3(0) V(o) | 12(8) | 15(10)| 33(18)

SUM 52 (25) 62 (40) 130 (84) 132 (97) 73 (45) 449 (291 )

1) Fires and explosions oczurring in connection with blow ~ outs do not belong to
this category as the initiating event in this cose is the blow - out

2) this category inciudes structural failures that are not apparently included by
rough weather or accidentol loods. Hence, accidents caused by a deficient
structure belong to this category
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FbloTHE LTt 2BRTH B4, TOMERED L, AGOEBOMEEOREATHEIR,
BEMOELS, BEEsD, StULRIVWbdD LTS, :
%6.3.21.—81C1970E05 1980 FEOMIC R LEBREKOUMEYTT, 9)

6.3.22 HREEONAE
BB R TREOBENRER 3N D,
— B, B, BRE7ZVh—%,UBER T &,
— RHFCHBREETEBT L,
BeDHROLONERINTWESR, UTEXM, H7a/SLRRINTWHIDICOE, MR
BT 5,

& DISCONNECT LINK 13)

ay pto—p—sRlEY, explosive bolt XHBHTS,

2%1:1:%?; Baldt Inec.

(] %
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RIG ANCHOR RELEASE (RAR) 10)11)12)

CDYVATFLRPBECHIONca2y Faz=y } BEOEFEE T4 vORPCHIT D
nicymERCTMEING, v Y Fas=, FRESI— FORE, KIUVYMERM LD
—HOLEEEERETr0ofEbh s, FURERBR2OOR o a—FERETHLES
CRoTW3, —DRBEDUREEBRORELYRT "ZHa—F " THYU, d5—2RLKE
HWEER @5 "o —F " Ch2, avv Faz=y thHD" M a— F” dkd + 5
VAT 2a— N LT ELONS &, AERCABRINGERRORE, Thb
b, BRAOE, RE54 0oy 78R, <y 7 ) —BE, 7% .4V—F OHMEOREH
avy Fa=y MEEEIND, —F, "4Mto— F" M52 bR &, HEEK EE,
FvayxvsZv ) vy—nEBL, REBIA V2T, v ) v I/—0oBER v —T
E=g—2h, Tk, gRLBTRbIh L 2ERT DO Y) F—ES¥a~y
Fa=y PRELDLISCE TS,

BHREBT A VERIONAYMERRE ., BEDI— F2F-TkY, fEllkcavto
—WRBIUFE=F ) Y IBTRBLIIL LTS, THIC LD, vRFLRREK, X,
BRo TUMERY BRIV LSiC LTS, ¥k, vATFL0ELYIVED BB,
a7 Y Fazy MHCR 22904 g —oy 783B I OLRTWE, —2RaT Y Fa=y biC
BExANIOILELOR S0y 7THD, 200 v T X ANRLRETR " 2Hia—F" 0
RETE, "UMEo—F"BRBECEXNEIS R TWS, "t — " 2RETHI
REE2D0oy 7k ANRRTESRN, ’

Model Ultimate Proof Release

Wt. in | Opersting Key
No. Load Load Load

Actuation [Control Air Depth Peatures

6600 | 1,130,000 Kg 690,000 Kg | 255,000 Kg | Hydraulic | Acoustic | 3969 kg | 1000 M Remote Selective
2,500,000 1bs | 1,500,000 1bs | 600,000 1bs 8750 1bs | (Std) Quick Discomnect
Other, Fully Reusesble
Available | High Load Cap

6500 §50,000 Xg 365,000 Kg | 183,000 Kg | Hydrsulic { Acoustic j1790 Xg | 1000 M Remote Selective
1,200,000 1bs 800,000 1bs | 400,000 1bs 3925 1bs | (Std) Quick Disconnect
Other Reuseable High

Availgble | Security Control

/]

35—

—

LOCKED POSITION AELEASED POSITION

Compagnie Francaise des Petroles / Inter Ocean Systems., Inc.
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KRB - vEeBBEERE 19

COREBIIEEEEMOER LCHEL, ThCREyr — I vEERELCTHERT 50T,
BEBRRERET — VOB ABMAEA L LTHBEET 54, REBERRELABE, ER
BETHRE Yy — 7 VBRI L, BESEDORETRBLELTHHO0TDH,

EBDEER . BEME o X 7 A X EBHEEERE, FRRERSIOHBEEECHBING, &
BHIEER R EBIES Y H A REBLELHDOT, GHRELED HEDIE, ARV IZER
BEOMNIC L o THOHAREROAAT + 74V MEREL, Thic LU BEFERRLMRL
BEHAXRETELLICLTWD, RELEBEN 2BHRERECHIh, TZTF Ve
s RV IV VIREBL, RBETF—TNVREDTNWEY Ty TENLTRES — S VR RER
T3, ZEEIZ, HAKS LOEELLHEEC, RPMEFRFTRECHEALLETORESR

B B| cRkBr—7vEkBERTESL5F20ERBEL - THEI STV 3,
TEET . SEOLRDE, BAREHE 650 + v ORBREBOBTLYUTCRT,
H# Tnnmennneenee Frvoy kv Iv ) vyt sy TERAR
BB B YR EfkRE nEe X 2 RFEH 2 A
Bl B Reeeeeereees —R BB, R ER
Ve B B fleoeeeeeees BEBIES R4 D
%k’%%ﬁﬁ ............ 650 b v
E HE o s v Fr—z2%,0M $3000mm
EE (Badal) (491,350m
LHE| mismmETe
] %
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p. #& 3 i

TR L HEEERR, TROMREET 50T, MEEHcR, Th24cX>TH
BINTHFER REEDH 25 OF —AROHMEERIPTITE 25 2 THES 26 ZAMCHF T
ek, 2 BOEMREE21, 22 08EE21a, 22a ISR 26 ORERFEMEL 26 alc
BATTNORHERICEET DT LENTE, PIRLERCR, MR RRER 23 C Lo TH
KA RIEERAT 25 A BRI, MERREEH 25 CEER 26 DX b 2260 AT,
2 BoEHmEE 21, 22 ¥HRCOHMTERETIENTE 5,
el -Ra gk I

HERZOFEROEMFAXTTOOTE L MR, KEFMOEARBLYRTEENEN, £
2R EREEROFENEN, #£3MRE 2T~ TROKEE, 5 4 i3k o—iik
KREBEWER, £5RRYELEO—BHAZENTRTD 5,

20 oeene ﬁg&ﬁ' 21, 22---- g&*ﬁ.ﬁ%, 21a, 22a -+ %E. 23 ranen E%H‘ﬁm&
#, 24--iAR, 25 BREFREDH, 25a---MEFHMATE, 26--BEH,

2
r —

NG -

22

6b

RERERNZE

HAHRAE Ms57—41113
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6.32.3 BRELUEBFIROAE
(1) BIPBRREFIE , :
WEHTRREL Sic, REABRBEORERFHED ONAEBCENTTIND T Lick B0, HY)
BRI R Yeab B e bic 2, KLY S ERU S REEEREC O TR LERD B, TOD
Cid, ROBFERLERHTCEL TLRITLER N,
— k& ( BEEEE, BEHM, KE, BE, NBENOHFE, KROKLE D=5 )7
—-BEROE=S YV
—k&, BRROFETTHR
—XFE(DLWRERND)DE=5I VT
—Y NV AVFL Vg YDE=ZY VS
KBOYE—t vy FICRRDOLSTHFENRELRS,
-V rERV -4
—~Yars—iLHEE
— SAR( Synthetic Aperture Rader)
i%ﬁﬁ%gmu7mﬁbrﬁﬁﬁj%?ﬁb,rﬁﬁﬁjﬁﬁthMéhnuﬁﬁm%ﬁ.rﬁ
BREE | BEDTEV MBI R —RRITSh, BREAET LT ) FRABL V&R
BTBC LD, ©6.3 23— 1 LoFEYERMCRT, 1)

SAFE DRILLING PRACTICE
DECISION FLOW CHART

Low
WEATHER / 1CE
:n-mnoﬁx }

b comTINVE omTLLING
e A "y
conenions

wen

suspore weLL ]

cARLY 18 ) compiTions
SEASON arnavt

LATE 1N
SEASOn

SUSPEIND OPERATIONS

6.323—1 REHUREFE

(2) BB X OCERFIRE

BambEBEOUHL $ LUBREOFERERBT LR D,

LIFie Inter Ocean Systems, Inec. ickUREEINZremotely controlled rig
anchor release (RAR) REMLA F UMy » FOBIRBECENT 5, 11)

6.323—2ChBAy—y, 06323 —3ChBrRTsBERETRT,

RARBZvH—L U500 ftBLTERUSBR, PYyA—itRT 7Y v 745, ELRARL
UISft Py A—XUDARCTAF—TABK L, Ry ¥y + 74 vERNLTRUDIF ORI,

T Bl L CEBOFIREYRT,

@ Fynryy TObOBRCLHRERECLY, THONCRARZYVMT,

(main body ¥ X anchor end £33 )
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@ YIUKEINERAROmain body BXUHREIA Y& FI vy y FRERT 2, P ¥ H—, —
MFEE71 v BELURARD anchor end i3, £D % % iR,
® FYIwyy7BE
@ rYwvyrER
® 4774 K— t BEBEORARR FYNy »y 7LURIFES,
® FTTAR— BRI F—FAFEDRY SV T4 vEALT, BECBREINZanchor end
*EURT 5,
@ M[EE/z anchor end FEEI4 v I UVRLIRTT,
® EMERARY 4. b T35,
® #®REI41BER
RARRZPv1—DF Ly F LEBRELD S, TORKKRE, BEMRLHE- TPy h—%7|&
BFRARDOBEREBEX1T -7,
(8) 54 ¥—,4 YL
EIBEELITIIHE, RBEBEGUBTEITERL, 54 F—R{ 7HOBETHELAKT A4
BHH B, '
LT 0FEERT, 14)
® FIwA4FT%hole LUFIE LTS,
BOP®blind ram %BA%KT %,
BOPETAMT %,
Y 7E#
C OFERIC AR BEFRR WU+ EEMEYET 5, # > TRISBEOEMR R I BT 5k
M%k+AERT 5 5ERD 5, BOTRSHREOBERKROFRC L 3,
@ FYwsA4F%Shear ram THMKT, v—rT 3B,
® BOPHTHEET 5,
® YU/BR
TDHE, FAMRBETHREITES, LOL FI VAL T2 T a2 ) 7ARE, 74 9
vIY s TRBBLE B,

® e e

CROWN RISER
BUOY BUOY

RIG ANCHOR
RELEASE

ANCHOR

6.323—3 HKB/27LHMEE

[16.323—2 HBAS—v
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1)

2)

3)

4)

5)

6)

7)
8)

9)

10)
11)

12)
13)
14)

o
M
»
g

"DRILLING OFFSHORE WESTERN GREENLAND-ICE"

by D.S. Hammett and Gary Finney, SEDCO, OTC 3059

"KULLUK-AN ARCTIC EXPLORATORY DRILLING UNIT"

by K.P. Gaida, J.R. Barnes, and B.D. Wright, Gulf Canada
Resources Inc., OTC 4481

"Design and Construction of Tarsiut Island in the Canadian
Beaufort Sea'" by John Fitzpatrick and D.G. Stenning, Dome
Petroleum, OTC 4517

"The Tarsiut Island Monitoring Program"

by J.S. Weaver, I.S.E. Engineering Consultants Ltd., and
William Berzins, Canadian Marine Drilling Ltd., OTC 4519
"Tarsiut Winter Alert Monitoring"

by B.D. Wright, Gulf Canada Resources Inc., and J.S. Weaver,
1.S.E. Engineering Consultants Ltd., OTC 4518

"Experience with Alert and Evacuation, Tarsiut Island, Summer
1982" by D.L. Townsend and H.R. Stewart, Gulf Canada Resources
Inc., and R.M. Myers, Canadian Marine Drilling Ltd., OCT 4521
Offshore Technology Year Book, 1974

"Exploratory Drilling on the Canadian Continental Shelf,
Labrador Sea" by Bernard C. Duval, Eastcan Exploration Ltd.,
OTC 2155

"Risk Assessment of Offshore Structures Experience and
Principles" by Ivar Holand and Torgeir Moan, The Norwegian
Institute of Technology, POAC '81

£ 186 BIRIE " kAN« WEBEWORS « BECHT IHRARESE " BMSTE3 A
"Special Mooring Systems Using Remote Controlled Quick Dis-
connects for Beaufort Sea Drilling Operations' by James E.
Lasch, Michael D. Pearlman and Erich C. Riotte, Inter Ocean
Systems, Inc,, OTC 3888

Inter Ocean Systems, Inc., Catalogue

OCEAN INDUSTRY, October 1983

"Arctic Offshore Drilling - A Technical Development and
Economic Evaluation" by David W. Carreau, General Dynamics

Corp., Electric Boat Div., OTC 1687
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15) RINBEEIM, hsa”

16) "Conceptual Design of Floating Drilling Production and
Storage Caisson for Arctic Waters"
by Ben C. Gerwick, Jr., University of California and Hans O.

Jahns, Exxon Production Research Company, POAC '79

6.4. E/A-VBKBUTORBEVRATARUEERGERER
6.4.1. B AT LMMRGF

() KERO B REH
BREHICBMLUTIRG6 3% [EERKEY Z7ORBv AT A RUHERRREER| 05, [HkiER

L5 aREHE] OEEXERINAL,
BELLTE/ a— VEORHFEOFLR6.4.1 - 1ILRT,

£6.41~-1 x/a—rBEWHTHHHEE (OTC 3630)

GENERAL DESIGN CRITERIA

1. Design Water Depth: 200 feet 7. Soil Conditions:

2. Service Life: 25 years Gravity Base Piled Base

3. Design Temperatures: An over consolidated o
Minimum Air Temperature -60°F clay soil with an un-
Maximum Air Temperature +80°F drained shear strength g 100° weak clay soil
Minimum Water Temperature 27°F of 2500 PSF. E

4.  Ocean Currents: g 200
Maximum Surface Current 3 knots ,
Maximum 8ottom Current 1.5 knots 1.000 ‘20100 : 3000

. cohesive shear strength  {psf
Note: Operating currents were taken 9 psf)

s 2/3 of Maximum. 8. Ice Conditions:
5.  Seismic Conditions: Maximum - A 115’ thick multi-year ridge combined with a
Maximum Firm Ground Accelarations 10’ thick multi-year ice sheet
as a percentage of gravity 8.8% Operating - A 50° thick multi-year ridge combined with a
Note: This corresponds to NBC 10° thick multi-year ice sheet
Zone 3 9. Operating Conditions:
6. Sea State: Production Rate: 120,000 8OPD
Maximum Wave Height 35 feet Required No. of Wells: 40
Predominant Wave Period 10 seconds No. of Wells Drilled per Re-supply: 2

(2) BRBEEOFRA, HH

—#ic, KA, DOE, NMDEOZBERNRARAITCRRONTWAENR STy t 7 2 —4D
Foundation design DA TEEORUTH 3,
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| Site investigation * 75y b7 2 — LERETIHEFOBEHHCHROBELIT,

EREINKBSCERT 2,
General design o 18R in- situ test ® laboratory testic LD FERRT 3,
requirement « BEPHBEONNC L HBELATS TR RIETREYER
T2,

s +EDEES T HL R FETHRMET 5,

* F5y +J 12— L EORERAND VR IEAFHEEORH—IZ
LATREHT DEBERETT 5,

ct& T3yt T 2—sDW, BNTHEHREBEHT 5,

| Stability of sea bottom | CERL TR AEES, KESTECRIETEEYERT 5,

i ¢ I35y } 72— L THOFERR L LOXIROBET XTS5,
Design of gravity type * 33 (foundation) OEEM, ML BEICHMETIOMAETT
foundation 5, (RA—1, Fozuss)

* I3y b T 2 —bEHBOTEHREYERC ANREY OB
B xS,

o ZEE LIRSS T g b T 3 — L TEREHBEEDM% grouting 35,
-5, ?k?ﬁiﬁ‘C%‘fbfi 9 F7 2 —4sDFoundation design.kE, %ﬁlﬂ@&@lfi?"%’ﬁ@,ﬁ??ﬁ%o
(i) —RCHKMROMWELIC IS Permatrost BHEL T 5,
% Soil with partially or completely frozen pore water
(i) Ice gouging EIBIKLWERXD > HELXEBL L Site investigation ¥HMET 54
BEHd B,
(il #FEAS foundation stability CE5EXHEEEHRET 5,
(3) #EHc®OKFEEEE )
KA BYE TN B HE Y R T AR EEAERKHEYMERSHEETHT L THD, T
DYTEIC 4 Y ROJAFRBLE LT B,
() KSR, B, KBROEAD CONTOHEHR
(il k E
(id koBuhE, HE, HA
iV KOBBRAER
WV KEBR, Xib, kEoHE, MR, REVAE, v— & X OHEE
SERRC s M < KFTER,
(i) kEoBEC X2 KAE
(i) Pokic X %N
(i) ke LBEHAEND
iV Mo %ERS 5WIRAREDKILOBRC X 5T
EaThBh, BEDLIHNEKRIRLALERBANVOBRRTD %,
PR £/ a— v BEEDC T 5 KTERICOWTEREL TH S,
£/ a—vEOLSKeETHERATVWRICEMN U TN 258, KOBEIIER CBMITRA Y
RL, KB REMRIE ORI EOEFHC LS CAMIE I & TN REL, BEEEBZROMAZED
FHBC ERTAIRIITHET BT LIRS,
Mg T B KT EREXR WL DL BREINTV B, TRV 210RREHCAWDh
TW5TD RALSTON®DOR : XOTEFAYRT,
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T.D RALSTON X 5EHR
By=CAi0y h2+A20, 80D +As0,,gh(D: = D) JA,

Ry=BiRyg+Bap,gh (D?*-Dr’)

" R ' HORIZONTAL FORCE
By ! VirTiCcAL FORCE
ow& . WEIGHT DENSITT OF WaT®R
h K =
op IKOEITEE 0 D OEOAREEE
#LKEMEROBERER D MENEREE
Aty Az, A Al miASTESSE o OB
8, .8, ) CHER) Vi

BtEFL LT " Marine Structures and Ships in Ice ” Report No,81-09/2 &R

AhTWdokirT,
BB, fvy VB (26°E, 76°30/ N ) TH5, ERELTIOMOKBICHL , KXFN

37,600 KNSAENE LT57,820 KN2BTWA, VK— RABIEE6.41~-1ERTY) »y v%E
FELHARBELILT, 612194 KNOXFEEXTRLTWS,

720 (B be
{
) 4 L L L L L L L L L )
z| 3 — 3
4 ”
(=]
SJ ]
Y
H6.4.1 —1 Shape of Pressure Ridge
B A f

RH = A, e t2 + A, ow g t g2
. 2
+ Ay 0,9t (0° -2 (a,)

- 2 2
Ry Bj Ry + By 5, 5t (07 - 0pf)
A
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N

N N
R
]

R =

1000

23916

TS R Y

kg/m3

thickness of ice = 3.0 m

Horizontal ice force.

Vertical ice force.

Assume an ice/structure friction coefficient
(u) of 0.15.

R_H::
%n

37600 kN

57.8

37600

57820

2

54

54

103 kN
= §396.3 kN/m
= 1070.7 kN/m

Horizontal ice pressure.

Vertical ice pressure.

54 (diameter of cone).
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642 T/a-BBFHE

£/ 3—vER, WICE LOADDEEANLENELOCONE DIAMETER %/ < T54EAS
50T, BEEHRP OBFRMEELRIE & X 5F3 BN,

%) a— vHREOWFREICHT AHANKC DWTR, Fixed offshore strycture rule Xid
Mobile offshore drilling unit rule DWISHEERTRENHLLTRWS, TS TREE
L LTTEREOHRAIZRLTEL,

DNV “ Rules for the design construction and inspection of offshore

structures ”

Marine Operation ¥R, EARTHBENLHERT 5 L TROMEEERELHLEZ 25 LEH
H%,

(i) AREEETZERCANCA S vy —RER, P D1 mBBHT L,

(i) 3&RP, AMEBERUREROAMIC L 2MEWOERIR, 5° 2BAAVT &,

(if THEXROWMEWR, FITTHRBBINTWHECR, BEVHELBHI2 TV MIicEL 25

WrERMCHAEL T L,

(v HEpR, WKCELEZVWYAES IRECRKLTY, ROXEREAL, REFHRETENA

TWAH T &,

UEDERR, dLAREORLMEY#FT HELAL OB INAWFENMUON AR OHE, Btk
LTH RN,

LTl Xorge LTELORTWAEENEDORLRT,

(1), MAGP (Mobile Arctic Gravity Platform)

Tilting FROBE, KRIOMmETAOXMITS installationTIEETH %,

Tilting HFRERFHEa) WRT LSiC, £/ a—-ryDOR—2BOKHK toe X ¥ Ik,
BXffic 52574 v /T35 ke b, £/ a—vikiBEEIR5b 0T, HBIESP, O
StabilityBSBOENBENSFENHHIDS /) a— YR KEMEI LD LWIRBERDR TN 3,
o TABRBREWHEER, TRD) KRTLde, 2/ a—-VvESLBELOP Y I—T o7 %K
BLH, BeETORNK R LS CHERRS AT A taY to—WLERD, Fy ¥ kDY vF
TE/ I—VYRPLTFBE 05 level setting L LHHENRELNELTNAS,

1.~ WINCHES

BLOCKS
' CONTROLLED
| BY CADLES
.
| — t \ B
bk ANCHOR
€ — 7BLOCKS

TP oy

ﬂ_)\
I

Y osiots ur 10 smpgrTHEl | P! PoStHBLE mLL WATER DL THE oF 70 80 m)
(2> AMDS (Arctic Mobile Drilling Structure )
KBR60 74—t DBE, X—2BOKH toe BWELCRBOEMAAW14°D TiltingHR I
LU installation TE B ERRENTN 3,
(8) APM( Arctic Production Monocone )
APMTR, 7y +W& LThUNOTHMEC AL TREIND, BIb, EFT7 v a— A1 vtk
BINTCABDOI T H—t LDV 4 YFCHBRDUANRLTHMEY level setting FRic kb
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BEIXE D, Ric, 2H08INTENREFRINFNCRED 7 » #ERRED L35 THMEIC 1 &k
AL, FIEDBIETCU v 3P v FTHAETH D, TOFRNYRALLRS, BRNEROE
LBIRESTEDHDT, KE2007 +—+TH, Stability EEMk ®/ a—vieRBTE%,
() Imperial Oil Ltd. #&&t®Monocene
Zox/ a— v OB, KBRCIGLUTETT & Smovable conical collar ¥HEXTWVHH
Chb, KB4l mENT, REEOEBKBRYIT AR, 52mERED conical collarDiBg,
level settingXUiRTilting FRCLHFESHFELWI L, R2EDF y ¥ A—VLE/ T
— Y DB EHET level settingT HERDIToMIE/ a—YRREELAZBENHA L2 &
W3,
(5) Monopod Jack-up Drilling Unit
ZhitGrobal Marine Development #HOBARLIE/ #y FR ) FTH B0, HICRT LS
CF 9 % BT 9 7 9 FLANS X2 WL HHIL 5 Stability LAHLHRATH20T, €
Ja—viEhBRATEHAFA7+ P LEXLDBND,

ﬂ > 1 b

@ WET TOW BALLAST BASE UNTIL NEGATIVE

@ © LOWER BASE ON LEGS

HASY
@ COMPLETELY FLOOD BASE RELEASE LEG LATCHES
© JACK PLATFORM TO TOP GF CENTERPOST RAISE LEGS CLEAR OF ICE
@ PIN OFF PLATFORM TQ CENTERPOST @ BEGIN ORILLING OPERATIONS
@ SKID SUBSTRUCTURE OVER CENTERPOST

6.43. MEFHORFEV/AT L
() K—7 32— rEROTHICONWT

BEOLEERIZ, T/ 3—v 54 ITMENY SR ERBEDOERVRA L RD 2 ERLXERTSH
%, XRCEINARDEHC LB L, Stiff clayeXL TX Gravity foundation% Soft
clayiexfLCid piled foundation XH#RL T 3%,

F—7 2 — FEBROTECONWT—RIICR<S &, FEL13IEURTRH, Buh oo ki
15 MEEOY M ERO - TWHL, BEEL13IEUE (<7 vv—8) CTREVWY NV ETHEDNR
T3, M6.43—18R,

MAARSLERSite BEREABDOTHY, ERORFHC Y » TREMPBEC LU LRFMEH
BT LHEBETH B, COBRERTRREBLRR6.4.3 -1 CRT, #FFHUE—T 2 — BBROLK
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DRE—KTRE DKW 7 — 5 ¥—FL LTH6.4.3 — 27T,

GENERAL GEOLOGICAL PROFILE OF THE SEA-BED IN THE MACKENZIE BAY
POAC 1975

YL

MACKENZIE CANYON AICHANDS M. TUKTOYARTUK
PENINBA
[} ] 184

133° W MER .

6.43—1 K—7i—rHB0o1LE

SHEAR STRENGTH,Cu(xPa)
10 0. 30 40 50

26 mudiine

\N\Q* 6
5= 7

\ L

30 \ A B et

N

DEPTH (m)
o
A

F\r

&

N

o
N
38 Ki&é{f Kz//~
=\
N

\9‘.
Y \Y \;.’
COdilatometer O triaxial
Acone O lab vane

®6.43—2 +o03EH (OTC, 4583)
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#6.4.3 — 1 Geotechnical design considerations for silt foundation soils

—

GEOTECHNICAL PROBLEM SOIL BEHAYIOR ASPECTS ITEMS FOR INVESTIGATION
1. STABILITY
Safety under Applied Load. Strength a) Total and Effective Stress Strength

Parameters; (b} Anisotropy; (c) Stress
History and Gradation; (d) Correlation
with Initial Density.

2. DETERIORATION OF STABILITY

Safety under Long-term and Pore Pressure Generation Pore Pressure: (a) Extent and Magnitude;
Repeated Loads. and Dissipation {b) Rate of Dissipation.

3. DEFORMATION

Soil-structure Interaction. Stress-Strain-Strength (a) Drained and Undrained Stress-Strain
Relationship Relationships; (b) Creep; (c¢) Consolidation
Rate.

4. PIPING EROSION

Piping Resistance (a) Piping Susceptibility, (b) Filter and
Surcharge Requirements.

5. SOIL PARAMETER DETERMINATION

Interpretation of Laboratory and Effects of Sample Disturbance (a) Improved Procedures for Sampling and

Field Test. on Lab Tests Lab Testing, (b) Correlation between
Engineering Parameters and Field
Measurement.

(2) BEv=27a v
) A—VEEROERVAFALLTR, HEC LHAEBNLEITCHBBHER 2B 2EIRNSELRT
HHH, TR TRBBEEESTHRARBE UM+ —0—BTH5 Skirt (H6.43—-3) 5%
WiRTFIELITBERAAR A4 VOB DR AT 5 HEiEL b s,
—fgic, BESETBEOHE, HHBRONIHHNTEHMDO A4 VETHRT 5 LBEEXOT, B
HRARE Y 2F LBMERY, TOEE/) a—VvORENKEL XD ESRE LEET 5 HBHH 3,
NHHBEKBHBOBETD, AKEDSWRKEPTAL Tony v—PHET M VEFTRT
BT L HEMAEHCI Suction Anchor ([€6.4.3—4 ) ARICIBRBv 27 4xRATH T L
bEZDONB,
(a) Skirt

Gravity type platform#%, XDHEXTTHEICHTIRERYERTETVWES, X0
EDCEMoMMTR Iy ) — r Mo Skirt BFIFTOR D, EILEBICT 280, EET
EOXHERICHEEC BT 5O MMRELRT AT LicLVALR DM, ToIWHRER—KIC
BOFIZEREL, o TSkirt &ic LUBBEL T 513 L RIFTEHRTEES BRTE 20
bTds,

—H, 59 72— LBEFEDHRFED1 DELT, tFOXSVEBRTLLOMWRIC LUBH S
nNT, INRETHEBRENRBD, T0B, 759 17 1 —LRB@ oK UERTLEENLT S, #
>T, EBIC LU LORENHMT 50T, WARTEAIRLTEHPCUTERTILH T LBREL
$, F59 b7 2 —LEHESkirt CHYLNEEERICEALRAD bRk, NAECBEL 2 4
TERBUTEARTLERD B,

6.4.3— 3L, Brent B Condeep OHITH 525, BERICEMRTrLOMmASERICLD, #
EWHHIRN T 20 28 <k, SERO Dowel 2551T bh Tw 5,
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b3
VO LAT

—;777——’77-— i Tip Conrele Skirl
Mudline kl)aw.l Bottom Dome
Sleel Skirt SECTION 1-1
6.4.3—3

(b) Suction anchor

Suction anchor i, B 6.4.3—4 IURT X o KMRIBSICIBA M) bhvkSubmerged pump TR
DIKEHFKTHZ ERCIVBONIRNADENZELFIAL THEBARMAL bRAERAI VEBEST
PERAZREEDDTH B, H - THREOBANIRBEIN B ABRTCOARECK LM, EBR+

K& seepage flow ( WAREN ) OMEIC L DETFERMEL VXL ES bR Ting,

Suction anchor BAHKR, BEOALVEERC, ENEERT S » F 7 2 —alBU DT
bhiRE, XORBCXTT HERE X B,

Suction anchor MSEME LTI, k¥ DOGorm field (KZE40m ) Doil loading
terminal H& LT3 5 mERE, ImBEIOIOR 1 2KHRML 2l EnH 5, Suction
pump OEBHRIELKF T v LiC X 5 penetration control R ETITAL B SEHM, A
ABTHORRET OTHNAERTOTHRERIR A VIED LD EVDI TS,

Vacerflow during the suction process.

£96.4.3—4 (OTC, 3817)
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6.4.4. RS R T A

FEONBHEW T/ 0— VEICHT BIEEERE S 2T A L1 Ice Island DT L RSB
THEBTH D, KEBRCHRWTREIC Ice Island OBk E=9—L, H< b1 ¥ AfICEEY
RTHENPBETD D, TR THER Y 27 alc L URKIRBET 2,

Bl 27 4D—FlE LT, =28 L a—viER 32 KDOF v - v THEELTRE, R
CEIERENTW B Locking Dogs¥RIFTZ Lz U BBl T 2274 %M6. 44— 112
7~7o XMARINE STRUCTURES AND SHIPS IN ICE ; REPORT No.81-09/2
CEBREFICRNTD Z DRBORNREEYERT 5L 5CERLTNWS,

BEXUE/ a—vBEZHELTIR, Ice Island OBEACHLFAISHLOXMELML 2 0BHIHLE
z 5o

I 1 1/72° OUTER SHELL

TRAY

_—

ANCHOR PIN |
Lgckine AssY

ANCHOR CHAIR

PLAN VIEW i o |

ANCHOR PIN

100" wAD. KEEPER RING &
] LOCKING DOGS
1 '-8 \/2°%
| t9° DIA.
o LOCKING DOO SEOWNENTS 5 | DUTER
] m‘\ ~ 6 ( AROUND ) SHELL
o KEEPER RIND
Y .j"a':‘,f——r‘::uoc:;«,l ANEWOR CARIR B
srout ® : SEPARATION )
SURFACE SHIN RINGS
ELEVATION i

GROUTED CONNECTION LOCKING ASSEMBLY

Base/cone connection.

6.44—1 (O0TC,3630)

6.6 -V URKBUTODRFLAT LA
F—T 2 — bHEC D) FRETHBCBVERCEIDOBTI TAATEYHET 5T 0HE o7,
AL, LUBENERTO Y FOLERCHEN, THOBTTRATETRABELYESERRDOCTY,
THOAENEELSE, X, BRSAE RrBES0BbC LD, F—Y VEXKEY) FBHRT A RA,
by VEGKEY ZEERY—Y Y ORMUEA R LB THELTED, ) IARESFERRC RamkT
BEWSEREZLNR TR LY, o, REHRKED HBRBWES bR BEKEIRICHBT 5B
bbb rEZLNRD,
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661. WH &4

661.1. B & & #
NRWBRE—T 2 — FBEL, AREMHIR 6.3 1L 2(DRUFKE 5.1 28BINL\Y &, K—T 2
— METHRBRAKBICEUKEI RN 2, ¥—Y VEKE ) 70508 Lix 5B KRB R TR
1 EKDERKBERBL, KOBERED TR, AESELADCHE T, kOBERKELAY,
SEXROFIKCHBT HRRCID, BREAEREDDTHELL K5,

#6.5.1 (OTC, 4580)

SITE

DESCRIPTION A B C
Chart Depth (ft) 20 40 60
Storm Surge (ft) 3 2 2
Design Water Depth (ft) 23 42 62
Significant Wave Height (ft) 10 12 15
Maximum Wave Height (ft) 19 22 24
Mean Wave Period (sec) 9 9 9
Storm Duration (hr) 6 6 6
Sustained Wind Speed (kn) 50 S0 50

6.6.1.2. -V s HATE DR
77—V vBHATLB(Caisson Retained Island ) RZhFTic 3XBBIN TS (BEHD
%o%gU)OMTm%mmEEﬁxaﬁ
) AX7Fr—7AIE
AFZeK—T 12— Ty hFSHFHE H6.518K
‘I142 1t, BI40 ft, EEMOE43 ft OEMYT —Y v 8 EES LT ALY, %
DRENLDERALTHERAT B, ¥ —Y YiRAREI0 £t ¥ RRCHHIRTV S,
(20 sVvz2—ATLH
AFF e R—T +— B F—oBMUHFE M6.52, £6528M8
‘2690m, HI11.5m, B15m, EXS000 tDTV7 J— p & —Y vk 4 DS LLME
T, @40y —Y YRETCHBINTVWD, HRABBT0 1t CHEBNr—Y vREIH1S MO
BroLicgMah, ¥~y vyoBkikssmed s,
() MOLIKPAQ
BEP HANTenFFe))—w2dFih [K6.5.3, 6.5 3 BR
REOREINBTIIMX 73 MTHIN29mMD 1 thi K oMM T —Y v CKABRIZ15~40 m%
&R E LT B,
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WAVE & ICE DEFLECTOR WATER BALLAST
+25° - STRESSING CABLES ;
. Y,
+10 < T 7 A\N 14
=i 1 i I NS ./ WATER LEVEL
EROSION . ETAINED FILL™ - -30
PROTECTION BT o ke ) 11
/"/’ VARIES FROM ~30' TO 60" . . ’ ™ lep‘
il - v YRS AT
LiEA 8OTTOM
100 - .
f-cr 100 u'--|I \
E TEMPORARY WHINOCE Piie N
H . e\
) S R Al
ramantnt rin "\ —f\"‘" N
TSN N
‘ A courtns
ALve BOOM UL S1ORA0 -2 . B
:u:v unoer v':n:u n':o\: - 2 N \\
TALSO REQUIRED 1N \\(Alu 1ocEity . ~, .
. CAISSONS 2 4 0) . N
SIRESSING COmPARTMENT
vaLve t00m + moouits
) fume unote SAmE v CAISSONS ') ottan @
= 123436 0)
CONTROL 1OOM FOR N — ) —m
MYORAULIC 1QUIPmMENT . _u-r--l !
. ——
220 O11AR 8 STRESEING CABLES - /I 180
1
------- ﬂ—zﬂ"\————“"‘t
o _eiiY, X ! 'l
ACCHS NamPs R StRIsLING - : :
- canus 3 ! o
T ! i
R —
s e A
SICTION &

TYPICAL wis 1eami

DY T}

B16.5.1 Caisson Retained Island Drilling Platform
(OTC 3294,1978)
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Sm

$26.5.2 Basic Properties of Each Caisson of Tarsuit Island

Draft 5.5 metre
weight 5,000 tomnes (11,000 Kips)
" Plan area 887 m2 (9,550 sq. feet)
Height 11.5 metres
Length 69.0 metres
width (max.) 15.0 metres
Centre of
gravity 6.96 m from
outsioe face
and 4.3 m

above base
/

Radii of gyration

Pitch 20.4 m

Yaw 20.4 m

Roll 5.4 m

Moment of inertia

Ixx (uncracked) 300m (7.2 «x
108 in4)

Iyy (uncracked) 1000m* (2.4 x
107 ind)

Ultimate hogging moment of reszstance 600 MNM

(450,000 KIP feet)
Ultimate sagging moment of resistance
MNM (750,000 KIP feet)

Allowable local impact stress 700 kPa
Ksf)

1000

( oTC 4-.5’/7)
(15 1783

45m

15m

l 15m
—_—/ oo

o 'S —EL.0
&5m

AAY & T

™t & Cuav

SECTION

FIGURE : |. TARSIUT ISLAND DESIGN LAYOUT

(PRE-CONSTRUCTION)

B16.5.2 Tarsuit Island Concrete Caisson
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inmsation Sm Z
i - =
3 Y SN L - / = / 129“‘
' ' ¥ box girder deck (heated) . s i i (?,Uﬂ _ :
heated space D g S Y 1 1.
back slope {to essist rasing) ___ V| ewRsT
- dewatered line _A Tl - ballast
~ == water line

> L0

depth varies

73200 m

deflector fuel tank

* T T
Lerane ‘furnace) °© 3
equipment | room |
hatch :(under)i C] L
é —
crane #()

dredge
opening{ = LEmme———

grill
6 cellars

~{]
;
5

room | room

- ) ' | pOower

N Xio(under) i (under) | l modules
X "‘ ' IV: . ! E
Q / [ *.——.'JQ X u . ‘4!
crane —] L tuel oil transfer pump room

pump room access shaft water supply and
. tire protection pumps

%. } fumace ! control | utiity &

Deck Plan

[6.5.3. Mobile Arectiec Caisson (MAC) (OTC 4333,1982)
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$26.5.3 Main Feature of Mobile Arctic Caisson
(OTC 4333,1982)

Operational range 20-40 m (70-130ft.)

Minimum operating depth 15m (50 ft.)

(in dredged hole)

Constant set-down depth 21 m (70 ft.)

Core dimensions 73x73 m (240x240f1 .)

tore quantity 110.000cu.m {143,000
Cu.vg

Overall dimensions, 88.5m {290 ft.)

waterline

Overall dimensions.toe 110 m (364 ft.)

Height, deck level 29.0m (95 ft.)

Height, top deflector B9 m (110 ft.)

Available deck area 6400 m° (69000 ft2.)

(approx.)

Displaced weight 31,000 tonnes

(lightship)

Draft (lightship) 5.2 m (17 ft.)

Displaced weight 46,100 tonnes

(fully laden)
Oraft (fully laden) 8.9 m (29 ft.)

6.5.1.3 SHNWE (KHE)
o T—U VEXE) SR BEx ONNBERT B8, TORTHRFENSHRL T3, kHEOHETE
RN O DHERD B, LTFORYANLDOR—BRBDO LS5 TH 5,
F=1I.fc.0c.D.t
F | ALBEAT 5 KEE
I ! Indentation Factor
RRNEOKELMENOBEORAXE R LV R DM, ATED L S5 XLEMEHTIE 1.2
~3 DMDMER L 5, Indentation Factor DEENFD 1 A% E6.5.4 it
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5 "22 T T T 1 T T

UPPER BOUND DATA FROM MICHEL

'7*'3“'7,{, RLANE TN . AND TOUSSAINT (1976)

/STRAINH 'S, 7 ® 0250 mm
LOWER BOUNDZ | M3~ 00< 25 mm

- e P T

E 3?‘0“.1 \‘——-.5 ________

<

—

=S a

S 7

= ws

o

~ =

= g 1+

(-9

=g

(o=

S

= n D 1 1 vJ 1 1 7

0 1 2 3 4 5 6
ASPECT RATIO — D/t

66.54 (T.D.Ralston : An Analysis of Ice Sheet Indentation,
IAHR Ice Symposium, 1977)

fc . Contact Factor, KEBEEEMOEMOESYRDLT DT, B2EMTR fc=1 &
ExbD, INEFEFICL - THRALBDT, Michel SRUTFOLIRMEEEBEL TN 2,
1078<E<5X 107 (1/sec)
fc=10~0.6
é>10'2 ( 1/ sec)
fe=03
( B.Michel and N. Toussaint : Mechanisms and theory of indentation
of ice plate, J.Glaciology. No. 81, 1977)
Oc : XO—HFEMHBE, KOERBEREFECKESKET L0 TCERE LY TR L TEMREY
BET B, BHEER
€ =V/4D ( LEXBEY)
TRD B, VIRKDOB FE, DR#EW ( ALE ) DEXIZ Ice Rubble D% &%, A
TEO &5 KRB KRR ERKOPED S L 5L JKOBESBAD, €
12107 ~107° ( 1/ sec )BELAD, T0X>5KEEEORRTIIEMBRERED T
B, KOEMTRE OELERFED 1 FI%H6. 5. 5CRT,
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DUCTILE TRANSITION BRITTLE

108% T Y
m ’g;b%\ 0. d :
1000 ,@@-&--&a

ﬁ

i

g

—t

A |

UNIAXIAL STRENGTH OR
INDENTATION STRENGTH -+ 2.97, KPa
=]
[—]

- © MICHEL AND PARADIS (1978), UNIAXIAL

O CARTER AND MICHEL (1931), UNIAXIAL
200 * HIRAYAMA et ol (1974), INDENTATION

O FREDERKING ANO GOLD (1975), INDENTATION

WMICHEL AND TOUSSAINT (1976), INDENTATION
1m | L i Il 1 ]

8 -7 4 5 4 -3 2 -1
6.55 Uniaxial crushing and indentation strength of
S—2 ice at-10T

1

A

(B.Michel and N.Toussaint : Mechanisms and theory of indentation of
ice plate, Symposium on Applied Glaciology, 1976)

(TOHBE#HR T.Ralston BNFEELLDI DR FEORITIVEALRE, )

D ! #E&%M(ALE ) XixIce Rubble DIE

t | KEXRBHEAPCRaftingddBLERLOESR,

66.2. REVATL

E/ 2=V OBPEICHNR, HBHBWEBRICEWTR, F—J YHRICL DEEEERE N, 7—J vi
BHEINSPFE LTI, BETRERAFTHOEDYT THLIPBAFLLTNE 5 RGN E L
T3,

BEAMRARSREBACEDONRTWBEKR—T 2 — FHER, KEN 60 7 1 — FUT TKRRELIRKL
WZEhD, BEETOLIS, #HTTRALEPY —J YRALABGRBREI L TN,

6.4. 3L TREN " H—7 4 — MEOTH " HOBIUC X B L K—T 2 — WO A FFETR, BEL
BYRREFT, EDUTHEIDOIAFLLT I, LHLP 52 AMTREBETENREL, ¥—Y vRERED
ATEBDdiciR, HBRBEDHVRESC LUTRNLERIL LEREZ L Wb TWs, Tk,
KBR300 7 4 — P ERBAABECR, BELBO KPR (UNDERWATER BERM) &4 L,
XDy —y VEBAATAEOREIAN TS (K6.5.6 88 ), —F, BLWKHE (KATH)
MR BEDLR, ¥—Y YBICLHOHECPRBTELAAT 5 0TH 54, ThRBEBRE OBEE
NCEET B, B (OTC 3294 )ic kB LERE3867+— D8AKYT—Y viclEAT HKFER,
65000~140000 F > :ERINTVE, FEHC, TOLS3AKEAKGTECHLLADIED, i
FRABFER =22 BHledicd, ATEOERER, 100 mUELEE WbR TS,

TR, y—Y ‘/ﬁﬁﬁﬁ%@%z‘/ziAt LTEXBRAENREFRD 2 Die M, B4 DEREEBRETDH
BEEUTICHRICRRBZ L ETH, (AL, BREV AT LOMBBELTELLRDE " 24—} ", “#7
VaYFVA—="ONTR, FEYEROT &,
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2 R i 2
D HBEOTRHN @ WHEERD

@ BE @ SHAMERD

(1) DREDGE. LEVEL AND DENSIFY IF REQUIRED
{SUMMER BEFORE DRILLING)

BARGE WITH

. ' 7 DAEDGED MATERIAL
SEA LEVEL /F% R i E&
/ ;?’
b
iy NATURAL SEABED
e N 1

(2) CAISSON ON DRILL SITE |

. 7
‘rnnsuucs{ ‘//7‘//// ;RANSPONOER
e BEAM . -

(3) SET/FILL/DENSIFY ON BERM seaw
DRILL WELL ;

——

BARGE WITH
FILL MATERIAL
W A
(M 1 1 1
SCOUR PREVENTION l—/ \1
(tF AEQ DI ARQUND
CAISSAN SASE 4 —-gg:‘?ucém

____.4_/—-— L i

(&) REFLOAT CAISSON

656 ¥—Jvigafirhkofs
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6621 & Hh =
(1) DTN
( MEREXPEMEREHRM - [REH] LU)
BBROFXHNATFELLTR, #R1E, WHNLOFROONBRINTWT, HBrRL
Btttk ULArERicd & S< Prandt], Terzaghi F0b o, BEKRMAT R ALK OFrdhlich,
ERFodbo, MITUE¥EELAFellenius, KoglerZnd o, SLFLRNFOF—F1E
RBEZR L House| DBRERL ERD 5,
ZhB05LERMCO—BRCANDRTEY, IABRTRBERE OB I AETHENS—
GBI H50T, ZI T Terzaghi DEFHARXYBETFD I LIC LA, Terzaghi ORR
L7cBR
e =cNe+2 rBN.+rDeNo ( t/0F)
ot
g4 : SUARDERIF AL (t/mb)
¢ ¥5MA (md)
r HEERERE (t/m?)
B: XER T o R/ANE (m)

Dy : ERORANTEE (m)
Ne, N, N, @ Z0R%. AEERA ¢ 0K
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8. S & s

AERE, AP AERRAD, HEHRICHT LGS « KREHONME, Joint Norwegian Research
Project OXRIC I AMEMENONE, KENHHABAMIC T - UK 200000 DWT #k 2 >
#— BRSSO Ao OETIE & S AR 0— WG KERETHEDEIRFO LD OEREN 0N
EhxFoEBCMmL, BREPATRGET L2 R I AENABR RS T 5%, MRABTOERRETRS L
#I, FIOMFR T2,

B.1 JRERZE

BEEE 2 TOX— 7 + — ME~BAMOHEE KINA T, TEED, ER-LORBBELLTL OV L
SOENEFB THLIEFEE ( =T — B~V F A ER ) RESATL T, FMBELKET KR (&
B, KE KEROSMA LK R I, KILOHMBEE, KOBEEES ), koBRaSE (EMMAE M
RS ) RUSS ( S, REEE, BxE EBE KAFE AR BEEMSICETET- 2%, XK
WoT7T—25» 7T LHAE, ThrBAREELA.

AEa, £—7+ — rE~BEMONEB LA SR D, LBHEEMOK T, HOKROK LR T
BBTRCLE, 74 vBHALF - EABRICHITE, 7)) - 5 v FEESDH LI LAoKLICHNA
TARBEEABLEND T L EERE LTY A,

At 75 ABE VWCBR & 7, %ﬁﬁ@—&mmgﬁbiﬁmﬂhf%Eﬂ&ﬁ&?%tb.JmntNmmgmn
Research Project O $ERAGHRE L 7.

3B bR DKIRSOXMMEIC L, K2+ — HBEHLE LATE b, HE b T#es Lok -
SEOENTICE L%

8.2 KEMMABABICK T IRBRR
DR ERIRC DT, side flare, B/d, RURESKZ & ORRE T2, S iR R ORI
HEECRIT TR TREN T 5 L3I, REBRENCGEE RS v ) — RN E REL, KFORYR
E%#fF-1T, TORERTE~ A,
(1) side flare
EnTHEHEAT AKEE0 TH, wall - sidedBBICHL T, side flare fHRELL, Kl
Heskh (B wall - sided BAKELAABFRARIZLC, EEL AKPEREETTL o R
BETOKBRNENTZERTHLBE%L side flare 2B EFLLN S,
) B.d
%%%tﬁ&mEMWﬁ%&ﬁ?amﬁﬁ%Tﬁ,m*ﬁﬁu.%Emﬁﬂ%f.ﬁ%&ﬂﬁmﬁﬁ%
WLEBLEWC EHFHELAIT Z o &Ko
(3) #REQE
O H T OFSKIC L » T, BREBICHE bR 2D Atrss, RoOBETTHITFETSRE <
nbﬁEﬂKWEL.%odﬁﬁjuxam«ﬁiiactmb.ﬁﬁ%%i&a%ﬂ&@lniﬁ%#
@50cn&dﬂ&@ﬁmiorﬁﬁD&%éﬂ&c&ﬁﬁotﬁ.W%%&$<ﬁiétacamxo
KB A 8K T HTTEERE S B b, NESRLOREKIEEHSLRT S L,
@ #MEERk
Stem BICOWTE, WkigsdsEEsE 20 (:ECREEASS X SCBDRT, stemAH
1REE CIE < RD L KATE ¢ N TEETKPIERAAKE (25T L oo
2T — S OB, BRNERETAMRY negative THEL, RMAMEIARD, RWITHE
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F+ LA, BA T version 2 BTHE 5,

8.3 XBWMMEBRMRGAETBRHNE

BMEERFEIR TWS 200000 DWT Pk £ — OPIBRHR B OMBER L L O, NEBE
BEUBBW.GIKI b Eh+h2 5t 39HRU 3 SHOTMICOWT, TORBTPRERETH LHLE
S ORI T oRE e WE LA, Thick b FREEABRH OKOFELNA 1 583 HE A,

AL ATMARBMH IO TS VI A REME T HM T2 LI ThitES2 FRRBAsHKo & £
hEPNOW.G. il THE 2008 LIUERC 2 TR BNt ERT TTA R L Hs L L AilikA,.

8.4 ALGICHERTDIKEHE
ALRCERT AKETR, ALRSREBRICET bhatl, ATBRAKrubble DRSS AT L,
ATBE—F~OKACride-up BiBLT LN Lo THRSHT LN B, T LdEATRIKE OKHFE,
ride-upHOVTIHE LT, state-of arts $& b2 Lok, X, KETEEX %, . HHE
TORRKENLERBICL T LD,

8.5 XKEBERABAMBEHORIRUVIERHERIROBE

B#AKE ) KON T, TORBMy A7 L RETORMRE, v« »FHERERE, KB 27 408
T, #1% B LUEESRER S =25 2 CORAES TS, Bl tioke X &/ 27— ¥H,
BUr—y KB DOV S EROREE B3 %27 - %o

B.6 TLOH JICLDKBRARER

25 REERASRCHENL, BERENEM Low Il b EROK BN BRTTHERERE TIT - /4.
4EETROUBO O TS B, KRTF — £, HEEHEEBEE THHEGERFR T - 2 ORI TE, TO
BFRORBOZ LRABECE > TREZRB L AL VO ERFIN 5, 7— 2ORBHFFTET Lbe |
OIRBE % TiTbha,

8.7 = o #

K#gs o h— Cp v ) - AWAKE, RUMAEBHECO» TR W kKMICE T 2 BB AR TL,
REHN, BT T3,
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