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Analysis about Model Ice Engineering for Design of Icebrakers
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Table 1. Several Formulas for Predicting the Resistance of an Icebreaking Ship
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Fig. 3 Total resistance vs. ship speed for icebrea-
ker MACKINAW in two feet thick ice as
predicted by various formulations(after
Milano, 1975)
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Fig. 4 Icebreaker resistance vs. speed curves as
theorctically predicted by Milano and as
obtained by HSVA model tests.
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Table 2. Resistance Distribution in Model and Full Scale of Three Different Icebreakers(after Vance, 1975)

Velocity Resistance MACKINAW MOSKVA FINNCARRIEI
PORTION mod. f.s. mod. fs. mod. fs.

Fracture 43 71 6 68 32 53

1ft/sec Gravity 57 29 94 32 68 47
Inertia 00 00 00 00 00 00

Fracture M 44 5 57 24 43

7ft/sec Gravity 46 23 77 27 53 39
Inertia - 20 22 18 16 23 48

Fracture 13 20 2 25 8 17

21ft/sec Gravity 18 9 31 12 19 16
Inertia 69 71 67 63 73 67

Ice thickness—2ft, mod. model, f.s. full scale.



6 HMEFNEGEE F14E F15, 1990

R
h2
KH
02—~
10
=
V:
E 10km v=6kn
g A
[7]
2 Q\L; /
2 5 \59_‘//
|53
& \s\o~
= V=3kn
0
0 50 100 150

olce Strength KN/m?

Fig. 5 Effective strength R/h’ vs. flexural stre-
ngth of model ice with different salinities

A8}, h: d-3F7)9} Flexual strength ofcantile-
ver testell &g #AE plotdtgd.on] Rxo
olste] AtAME o 4 lrt

o7} 140—50KN/m* #4ad3 5Al¢] R/RE
748, 67} 50KN/m?X.t} o}zl ® R/h%& ub
H2 Frigto)

o] AL PR EHT AHELAY =
2 HEZ M wold whA g2 Asls)
B2 energys ZFulAl7lv ZAFE HA =
stk FA] oleizre 83’“4@]*194 Ay

U]z'lﬂl‘r‘ Co, G, CGE 3:]’7’]‘5‘ ol <]
9, o2 Ao vz o
A (CC,+Cy)

Fig. 59 A3} E4 Fig 1o EAI3 459
AE, A E Y brines ] A5BAYSE mg
o] glo] o= 3},

Fig. 1ol 4+ o7} 50KN/m? ©]8}2] o of A=
E9 gte] wIE 3o g3l g B2
Foz HA3] A+AE AL & F U ¥
4234 e e 4 AGFRAL 6K 30KN/
m’e] RS AL AP N FrEge
o E9] o] ni22 97] ujFo

(1) A9 53

2 4L 297

(3 B AMegFAHY =&

5ol Ax2 o] Wk HSVAA= 99 2

g erstel YA 2 o)50KN/mS] 24
& gtk $350) e BYONE A4
A4 o =50KN/me] A& Agstel AHe
W53, 2 AT AYLEVL e ste] of
Aol [S4she o/48el 29 0l e B3
o AYHEE FRtE Ao s ol

Br=] £5F2] My AFEHAe] Q9 wEEH
o ol ztzte) Aol AAatE A7t FEG 4
& 2Age] YAAS AR} & Y oha
ok Fig. 3ol 259 &3& »lws}
ﬁ*} staL glem 15 Afelofl& w9 & Aol
& oz Fehe do|th olgzte

£ o F A7) o= ATAE 228
SRR AgsA) @w Aok 2 olfE A4

data7} €217} w9 =7 d Fol §ieel R4
21 A7tsle 29 AoME A T Bojg

A sl el

A data} (FeldtA He) LA Al el
e 32 Az,

HA AAZ d55A, A= 3 e &9
I =(BHEE FA 3= ol
e 2 dF FAEZE A%
duupet tpE7] g el A%
HRE AF3o}

A Aol Asts AHHES vES AR

3 o] ehxm, dAell= 50%7HA

d¥tke AE Aded A5 A w4l
HA ¥ HEE Aol v oA 3 A}
@7t

25 AN AL S we g
< A e AL A d8A ok A FA
TH3I(AHR) 2 FAL2IGATTCOE o
o Alg gl guade] AdAZe] Bt TUAQ



Wejoll [ Ak 2AAET] e 2R3
(fFETE)E 52 A T

g e MAAELS USCGH Ald 4w
% Polar Starz 9} Al-&4e 7IHE A Qlrh

E e FHAY 7AF AvE #FI 9 1
Z ol % Impulse Radar AH& d& FAE A%
Hoz FAHY £ vk 28y AL W
(1977 4Bl A FAEA o 48 w3 o
o s A)Y data® 4& T UPW Aeg F
2 oAk A4 data®l 237 A7l FoHA
ol frv AAAIHel A 22 F38 2 (propeller 3]
A4, torque, thrust )& HHFASY F¥ 42
ATE nEA @ A Aoz HEshe
7o)},

propeller FH o= W Ho] £33 317 o
of A8 A HHL vl 2, B
thrust®] AZ3U-L ZA &7 B2,

lo Mz o2 4

o Hd

4. YR M=o

&
<

ESS R

Auke] su] A ate] @F3ld= AriA] ned
Al A, s " A3 FAA ] AAE] glof
ol e} 7o Eghyt AHag ebsiElr] $1ske] HSVA
= A AEE g olshe AL vxd
TF A3kt Adube] 232 At A A
9 Eejxql g Psied T el
EAsl7] ol 22 Alef| dedt A A
AbAlL B g ARS-shgl T

o] 2} 3H 2 wi-shel o)sle] AL S
AgA o g} olEH o} Fedte Fleo] &o
A =gt

A A E-g AHTslr] Hste] AUA F3Pol
Ae FHe sidg dgo] o A =2 a9
v ARl WEg e wAlshA] g A
22 gFof A o THAY FRAAME
Hge) E4E HA o Psid, WHL FH3}E
X, g dAddge] vro 2 wiAgd. 23
parametere QAL%¥A h, &3 v, ¥He AAR
a Fa] = b HAY A5 oA p % H
o] £ tolnh Ag AT o5 Zo] 8o

kM Bitel o) BABE TR HE H47 7

t}.
(1) A R A5 T4 he 256l 9T
}.(Fig. 6)
2 A MG &Yoo} B Zol= AY
533k (Fig. 7, 8)

R 30
(kp)
g K=02 /o/
3 to=0.15
17}
& 20
b
=
8
g
~ 10
“g Width of plate  =250cm
£ Veloclty =80 ca/s
it Inclinalion angle =30.0°
= Strength o =0.8 kp/cm?
0 Elagticity  E =2000 kp/cm?
0 5 10 15 20
cohz(kp)

Fig. 6 Fracture portion of resistance vs. for two
different friction coefficients

R
(kp)
g 0=
g __.:I—-—‘
ki
[
v 4
z
2
}
& 2 Inclination angle =30.0°
® Width of plate =250cm
5 Ice thickness =3.0cm __
8 Strength o =0.8kp/cm?
‘E Elasticity E® =2000kp/cm?®
0 0 5 10 15 20

valocity V{cm/3)
Fig. 7 Fracture porrion of resistance vs. velocity

R

(kp)

g6

.?) ° )

x |® F—1 p N

w4 L

=} []

g

€ Ice thickness =2.7cm

& 2 Velocity | =64cm/s

N Inclination angle T =30.0%

] Friction coafficiant 4=0.15

g Strangth 6,=08kp/cm?

& 0 Elssticity . E=2000kp/cm?
0 10 20 30 40 50 60

Width of plate(cm)

Fig. 8 Fracture portion of resistance vs. width of
plate

— 63 —



Ri+2
Qgbht

8 BEMBBEE F14% F1%, 1990

o7l A& HHr FE FHe &
o4 Hzte] 7l1dstcheE AL el
(3) F AL FFe) HA a2t =T (Arc-
tan )32 §9 tangente} o 2@A 7} slch
pe e #HIAHL oo A 9
Aol AR dar, whabe] FF}FL o -
Easldd, F3dx A4 A7 & FF

%2 shitolth,

4) A2 UHE Fie Ay grog A
stoga Arle AR R(FHAAE-
BB Hue EF tE AT
Froudes9| 2% wl#gch(Fig. 10) H

Normalized icebreaking resistance

0 1 2 3
tg(a+arc tg )

Fig. 9 Normalized icebreaking portion of resista-
nce vs. tangent of angle of inclination+

roughness for two friction coefficients

20 il

e

P

15
600
//o/%m/gt

10 g
‘ / 30°
5 R ]
30—LZ V% width of plate
‘ j b=40cm (ccnatan})
A 1
0 5 10 15 20 25 30 ) 35

gt
Fig. 10 Normalized resistance for submerging

and accelerating the broken ice vs. square

of Froude number

o] A7 w7b 60°2) W) A E L 30°4
uj o] <k 2u)7} P},

#4 Modeld& AW Aol AAgdo
2 geslelnn o] FAE o)A HF s
= A= 7HsEA "

T2 A glol] Bl el o) BLE AFE3lY
A2 A E whRgE 3 PBCEERER) 2708 Al
FEFERTEE)S 4212 A& Axstd 72
T itk o] o] EH syl AAEFTTEN
mEMS A= 2 Wy i AgEe
HalFol Bt nF3IYTE o] LM @
ojA 7ha F8.3 A T AdHo] Wil vl
g Zolw, Aol dejal piof s 74z

°-|-' Eu)

3AA 371 F)Ee F e 2-1 A3
& sl o2 Aye oy 711%54% & %4
b AZE AR o} 7hA] Zsizte 4471%

< ZlEe] A @

o] AFAF A7} e Mg
Al 223 parametere] 9&3x e 7o)
Al sl Ao}

A YA 3 wpaA e Bl ER 0= A4
sla 1o A Ao AR A el
Fisto] gzhstedol o) oo Hel, 489
9t o A4z 5o $r1A<l parameterd] %

& ARFAAAN AE $ARE AL E
shelob shu, FAUYel TP FHFES
Bosl e £etarel Tl Aol A8 2
g el vk FAYBE AT AP
Wgd st FAAT doluhe AL ¥
shoich & WA Wwe] FEol| whet At

L

YAty 2 A 4-&9 cantilever beamo] 3
A gl o] Ko} #H el oldt] R F
gl Fiug dod Ao RS
HAekslzld 7jQdded, zElm dL9 o)A
ArFod Addee HoGEY 2= 4 1/2)
ojmZ f]e] oY AMto g Husl= 414
o el zApe] A7t

German and Milne®] A7 <l Canadian Coast
Guard® Al#1¥ 3 Plar—72 HSVAY| 4 ZAs
o] Alwiwie zhakg A8 gl
N 2E Aol A A AW A -WAAS Icebrea-

&



ker—& pontoon¥ o] AFE 7A 2, Aedde
ZAARE G o] F 3 9lE, FFo dvle e
gFwg A2 ‘21‘4(—r3r1’\‘}.:_) (3+=3s) 3t
32 A13U3E AW ALA L AR 217
Fx)

Ao 22 Aol 27 a3 A&
A wpaA g A7ste AgE sz FdR
AAE VA Eelx, X2 4l de] AAE
wel fgel AA JFe] wait "oz wineH
o7t % shgdrh

olelzre WAL 2F FUF AR A
Bukeke] water jetol) 93ty & o] A"

o] Ho|3t Ay w o AAFuHY Y AFFE
EEARe W9z ¥H dusgc asjnz
propeller7} Wl H&de &4& ¢ &5
Foll #A et myAF Az osid
WAASE Ao A Agadvct zc =

AL Koo A A] F217] 96 A=) 3w
of pistond] o] dFo} 7|AH 33142 (stempel ~
antrieb)& Zt33 i, o)Az wlw(kE)E
wolEolwa] HAslEd o] AL ol Ai}Ho)
tl. B3] WFde] 2A4SEMEES 23
X o] REZutE FFIHEEA A PR
A o) R AL oA Mg U2, pi-
lot study® A ¥z glct

2

1

il

5.2 B

Ay gate 23 FMF L4AL sldsie
U A e o3 a3ttt HSVAS] Ay
o2l HZH X = 7 o] EFHQ HEo)
Folzet Mzhs|nt, Ayt AA data R
$AZE ol 24 dFo) ofx] PolA X K3t ¥4
Holl A= A d@Abe] Fslo] oura] Aol A
7t FEE 5 U

Wzeh AAE Bk A3 7kl F&317)
At AH =z APAZE s F2
AA sake Aol AAstel FAld ol &Aal A
A e #Hyste s 3 "y

ulde] Azlo HFslel= MilanoH, off-

Bokde Batel lo] BOKER TR ohg 547 9

shore FZEo] #3Fo Reinicke and Ralston
wh-& 29 approach7} ZH Fdsicta Azt
gt

oj9f 7t e o] & s Bt A& A
4 44 g obad 5 #3F FF Y L Jlx
A A7} Fasdid,

i n

Ho
ro

1. Abkowitz, M.A. (1964)— “Lectures on Ship
Hydrodynamics —steering and Maneuverabi-
lity” Report No. Hy—5, Hydro and Aerodyna-
mics Laboratory, Lyngby, Denmark.

2. Buzuev, A, Ryblin, A. (1961)— “Calculation of
the resistance encountered by an icebreaker
moving through ice cakes and brash™ Morskoi
Flot. Vol. 21, No. 8, p. 136~138.

3. Chu Fen—Dow(1974)~ “Ship resistance in
homogeneous ice fields” Thesis for the deg-
ree of Doctor of Technology, Helsinki Univer-
sity of Technology, 125p.

4. Edwards, R.Y. Jr, German, J.G., Lawrence, R.

G.A.(1973)
“Comparative Model Tests of the Icebreaker
Performance of Two Canadian Coast Guard
Icebreakers™ Second International Conference
on Port and Ocean Engineering Under Arctic
Conditions (POAC), Reykavik, Iceland.

5. Edwards, R.Y., Lewis, J.W., Wheaton, J.W., Co-
lhurn, J.(1972)

“Full Scale and Model Tests of a Great Lakes
Icebreaker” Trans. SNAME, Vol. 80.

6. Edwards, RY., Major, RA. Kirn, JK, Ger-

man, J.G, Lewis, JW, Miller, D.R. (1976)—

“Influence of major characteristics of icebrea-
ker hulls on their powerering requirements
and maneuverability in ice” Trans. Society of
Naval Architects and Marine Engineers, N.Y.
Sept. 11~13, 39p.

7. Enkvist, E. (1973)—“On the Ice Resistance



10 BERBPBGL $14% F15, 1990

10.

11

12.

13.

14.

15.

16.

Encountered by Ships Operating in the Conti-
nuous Mode of icebreaking” Swedish Aca-
demy of Engineering Sciences in Finland, Re-
port No. 24.

. German, J.G., Dadachanyi, N.(1975)— “Hullfo-

rms for arctic bulk cargo transportation” Pre-
sented to ‘The Society Naval Architects and
Marine Engineers’ May 14~17, 1975, p. 53~
64.

. German, ]J.G., Lawrence, R.G.A.(1975)— “Full

scale testing in ice of three icebreakers”
Trans. Society of naval Architects and Marine
Eng. Montreal, April 1975, 67p.

Jansson, J.E.(1956)— “Icebreakers and their
design” European Ship Building, Vol.5.
Kathtelyan, V.1, Poznjak, LI, Ryblin, A. Ya(19
68)— “Ice Resistance to Motion of a Ship”
(translation) Sudostroenie, Leningrad.
Kashtelyan, V.I, Ryblin, A.Y,, Faddeyev, O.V.,
Yagodkin, V.Y.(1972)— “Icebreakers” Ledokoly,
Leningrad, 287p. Trans—Ilation CRREL Draft
Transl. 418.

Levine, G., Voelker, RP, Mentz, P.B.(1974)—
“Advances in the development of commercial
ice transiting ships” Trans. The Society of
Naval Architects and Marine Engineers. Nov.
14~16, 1974, 25p.

Lewis, Jack W, Edwards, RY. Jr.(1970)—
“Methods for predicting Icebreaking and ice
Resistance Characteristics of Icebreakers”
Trans. SNAME Vol. 78.

Michel, B.(1970)—“Ice pressure on enginee-
ring structures” Cold Region

Michel, B., Lafleur, P.(1971)— “Ice manage-
ment at marine terminal, Hershel Island” Re-
port to Department of Public Works, Canada.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

Milano, V.R.(1961)— “Notes on the Prelimi-
nary Design of Icebreakers” MS thesis, Webb
Institute of Naval Architecture.

Milano, V.R.(1973)~ “Ship Resistance to Con-
tinuous Motion in Ice” Trans. SNAME, Vol
81.

Mookhoek, A.D., Bielstein, W.T.(1971)— “Pro-
blems associated with the design of an arctic
marine transportation system” Offshore tech-
nology Conference ; Houston, Texas.

Nevel, D.E.(1961)— “The Narrow Infinite We-
dge on an Elastic Foundation” Research Re-
port Number 79, Cold Regions Research and
Engineering Laboratory, July 1961.

R.(1900)— “Steamers for Winter
Navigation and Icebreaking” Proceedings of
the Institution of Civil Engineers, Vol. CSL,
Session 1899~1900, Part II.

Shimansky, J.A.(1938)— “Conditional Standa-
rds of Ice Qualities of a Ship” (translation)
Arctic Institute of the Chief Administrator of
the Northern Sea Route, Vol. 130, Leningrad.
Vinogradov, 1.V.(1946)— “A Scaling System for
Vessels in Ice” SNAME Ice Tech. Sympo-
sium, Montreal, April 9~11, 1975, 26p.
Vance, G.P.(1975)— “A Scaling System for Ve-
ssels in Ice” SNAME Ice Tech. Symposium,
Montreal, April 9~11, 1975, 26p.

Watson, A.(1959)— “The design and building
of icebreakers” Trans. of the Institute of Ma-
rine Engineers, Vol. 71, No. 2, p. 37~65.
White, R.M.(1965)— “Dynamically Developed
Forces at the Bow of an Icebreaker” Ph.D.
Dissertation, M.LT.

Runeberg,



FE51

o). 413)-& Waas® 2} Thyssen Nordseewerke %
Ha7h 3Eo2 Ay AHEE Thyssen/Waas
ul el o] *d?%‘ﬂ Adzaq 542 289 A
o 4 B whel o] o}F A Z BFe] Aol

t} o)l &E 4w Ade] Mudyug” 28 NEI A
02 o] we AY W& F ASHrAE AA
ZA A Uabs] zhelw g 2 mAelE
AN el o) FF R E o] wie] HHE

YA A A “Mudyug” & NE2T AA
o] Bof

Bok#p Fatel ol BOKER T B 3 S 11

Uulsh e A72 4l £2F e §
Ashedl ole A% $Yo] e A& FoA
EQE o) 8% AegA Ay 48 A

Ao A
SRolN Lo T SolstwA wel e
slste] Aef Aebarh o] & FHGEK)ES A
2yH WEoZ o WA Solr} AAY Fy
ol lstel FER F F3 FYHA Y& wol
2 33 Aloixa e AL Wez Weld
of. 28 B 2 AW 43 9% vehl Fa
ale}.

—N—

1Y B. Thyssen/Wass2] A= 1 s



