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A Comparative Study of Ice Resistance Estimation Equations with Measured
Data for Icebreakers and Ice-Strengthened Cargo Vessels

Kyungsik Choi™, Woo-Ram Lee" and Jin—Kyoung Lee"

Div. of Ocean Development Engineering, Korea Maritime University”

Abstract

lce resistance estimation equations based on model tests and full-scale sea trial data
from many previous research articles are studied. Measured ice resistance data and its
empirical/semi—empirical estimation equations are summarized in common format and are
compared with each other, considering three ship categories, i.e, icebreakers, tug/supply
vessels, ice-strengthened cargo vessels. The most suitable estimation methods or prediction
equations are recommended based on this ice resistance data analysis.
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Kashteljan et al.(1968)-Ermak
h=08m
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[ ] Emak model test conversion(h =04 m, o = 100 ton/m? )
[o] Emak full scale measurement(h =0.42 m, ¢ =100ton/m? )
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p,= 0.9 ton /m?
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ShinSpeed (r731/s)
Fig. 2 Ice resistance vs. ship's speed based
on Kashteljan's empirical formula with
measured test data
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Fig. 3 Calculation of Ice resistance vs. ice
thickness using Kashteljan's empirical
formula, i.e., Eq.(1)
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Fig. 5 Comparison of various continuous
mode ice resistance prediction methods. with
full-scale data (redrawn from Lewis and
Edwards, 1970)
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Fig. 6 Comparison of various continuous
mode ice resistance prediction methods with
full-scale data (redrawn from Lewis and
Edwards, 1970)

Fig. 58 28 &4AIE ZUt Lewis and
Edwards®l Z=FA! (3) AIOIOI ARZADIL B2
o & UCL BB FHAOl AR MY WS
£ HE2 #40iXI2t Kashtelian SA0ILt
AGAIR—OIAS SRS S5 1XHAI22 U
EFACHFIg. 6).

HE Z200 2HE YNE FHAZ Spencer
and Jones(2001)0l 2i5H 23010 OIS 3IHLICH
SHAHZBIH(CCG)2l R-Class MMl Cigt 2
AlE & 1978, 1979, 199180 AU &
AIZ1H HIWGHRACE 0IS2 1:202 2212 0.092

=2 0IEA+E 2= 281 S28 319 0.03
o &2 DIEASE 2= RECZE AES 3E
ZUE JHD S 22 YXME s
StALH

ﬁ

R;=0.90F, "™0,Bh; V&, +1.08S5 " 0,Bh; Vi +1.31dogh BT

for Low Friction (4)
=2.03F; "0, Bh;V+ 2. 19S5 0, Bh, Vo + 2.67dogh BT
for High Friction (5)
OistEHdets =28 M 43 & WM 2 & 20064 42



Vv
J =

OIIM F, N Froude Number
14

Sy = . Strength Number
afhl-
pB

el h; = glEol S
Oy g3 ZEAE
p,; = 289 g&
do = €39 LT et ol 259 X
V=485
B=4&2
T=g%

Fig. 72 197832 Pierre Radisson0ll 2tst &
A0 AEAE I2E Al(4)2t A(5)0 TS
O Ao Zuel AAAHE BOFD UACHL &
HE AZBAHE OtA= 191 LS HH0 2EA
HOZRH L2 Mo OEHI= 0.032 0.09 &
& ALOI0Il =C{QULL 121‘32 2AHEE MATHE
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1600 —

Pierre Radisson Data(1978)
* Low Friction (0.03)
| ] High Friction {0.09)

y=156x
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lce Resistance from Prediction Equations (kN)
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Fig. 7 Comparison between results from Eg.
{(4) and Eq.(5) and CCGS Pierre Radisson
trials during 1978 (redrawn from Spencer
and Jones, 2001)

Journal of SNAK, Vol. 43, No. 2, April 2006

151

OlatD 22 weoz2  X|2(Spencer and
FX1el &

Jones: 2001)HX12] BINME FH4 0l FEA
CEO WA E FEH A EENE R EE X
S AEBI0f Table 101 Helstdlh 2 HHE F
A0 OHSH 20 AAME 282 oge 28i(0l
L& 2005)2 EotD| Higtt

3. YNE FFHAIQ Hlw

XE =HAD A=SXZ9 HlnEAolEt 2
=29 =2HZ ot ZA Aelg BE YXNE
ZHAEZ 0/ E2Htug/supply vessels), M
g H(icebreakers), 42 & H(|ce strengthened

cargo vessels)22 LI+ 2t =0 Lok 2st
= =AY MMHAE AEE A2 Hlwol B%

MK Fig. 82 0l oHtBHICH A=2 Giel/2
2Nl Katmai Bay2t Mobile Bay2l &l 2XNE&
FEXIG ALAE Z2UE LiEtD AL =EX
ASAIE 200t & YXickE S S

. SIXIBE gl 2282 HR 2
@QE’;’OHHJ A=Y DFsE YSE
ez HMEH0l A0 iIR2S AldAE Zu0t ¢
XME0l 100-200kN AHOIOI RUCH Olci8t Ols=2
MEMOILE ANl MMAIE S
Hiwot EJlsgt A22 THo] Lk

MEHL Z2 Fig. 928 Fig. 100IM 2
Ol ot &Ml 2ME2 YW 0.5m

OOOkN = %D}&"E}. SHAl
2SO 0.5-0.9m OlIA
Jb Hel gilt. 20led A
Azet &H %‘Hé% USMHIL 0.5m W2l
o

=2
Melde 22 HEY SH 1m LHQIOA S A
A8 ZIt= Carter(1983)2] Pierre Radisson
NSOt SL6ICH MUAMY ULk 2 I &2
YEMNHe OILAISE MV Arctic-Old bow form<
0.8m OlMel Z0tAle Hlzg Z2UE 2BHEC



152 e W AN e AHE FFEAL AFHE Hw 24

(Levine et al. 1974). Carter® UXEH AHEAl
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Table 1 Various ice resistance estimation formulas
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Fig. 9 Total ice resistance for icebreakers
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Commercial Ice Transiting Ships
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Fig. *11 Total ice resistance and full-scale

data for ice-transiting cargo vessels
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