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This paper presents the semi—analytical ice load calculation methods that are useful to simulate the ice—breaking process,

Since the semi—analytical methods rely on the previously developed closed form equations or numerical analysis results, the

user's exact understanding for the equations must be supported in order to use the methods properly. In this study, various

failure modes of ice such as local crushing, in—plane splitting failure, out—of—plane bending failure and radial or circumferential

cracking with rotation of the broken ice floe are considered, Based on the presented methods, the fracture modes were

evaluated according to the size and thickness of ice, In addition, time series analysis for the ice—breaking process was

performed on several ice conditions and the results were analyzed,

Keywords : Semi—analytical ice load calculation method(EteiAdA BISHS AHAHH), Ice—breaking process(AfR-ITFH), Local crushing(=
284, In—plane splitting failure(HLIE2| @),

Out—of—plane bending failure(H2lZ &/0t1|). Radial or circumferential
M

cracking(Btd = RFRISF 7<) Rotation(3|X)
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Table 1 Summary of input data for the calculation

Ice edge angle 150°
9 ge. ¢ (IACS UR scenario)
Buttock angle, B 45°
Elastic modulus, E (ISOSA%PZa 8.9)
Poisson ratio, v 0.3
Water density, py 1025 kg/m®
Ice density, pi 900 kg/m?®
) 6.0 MPa
Crushing strength, Pq (Kim et al.. 2015)
0.65 MPa

Flexural strength, of (Kim et al.. 2015)

Exponent in pressure—area

relationship, ex ~0.1 (Daley, 2000)

loading radius, r 0.1 I¢
. 0.145 L

Critical crack length, A (Lu et al., 2015)
15 J/m?

Fracture energy

(Lu et al., 2015)

HUEelsES Holrle H2 2 4 Uk o2 Sof, S 1
Zojoll Atpiglo| ELEaI5ZE0| wASIR| o
79| 232 RG] AlEEI| 9
3 7 Fig. SoiME 1 m St 3 m el Wl i
247t Znjs LrErLH c}

Fig. 80lIM= 1 m 7o Yol Chet Z|ch 2424 ot HUf =
2lutl| 35S LERARACE BX, 2E FHo| HuE2|ufelS

LIERH= M ofzfoll A0l s o= L27|X| b=
E 3

mckElct glme| Zlo|zt 1

r
0
0

mg 4n oo mjo Hu

do7|n{, 1 o|F SMZole| F dioll TES|7IX| kg
= e d¥o| Wske Zg & = Uk 40|
HiE Erfsks FZoME HelZelul|t Hlsk=E AS
4 At
Fig. M= 3 m FH2| Yol CHslo Lot Uct. of &
< 2 50 mollA 270 m Alo| FFZiollM E|cHE4Af=d0] M=l
2 ol
T A

5SS E1fstol HUlEe |t sk He &
Cf. B o7t Ssks A2 M 2IstH LIHX| F=oi of
1 m 52 dPet SUsic

103 ¢
o t=1m
X t=2m
™~ O t=3m
2|
10 T In-plane splitting failure
7 f
<15 10"
10°F e
®
10-1 L L
10° 10° 102 10° 10*

L [m]
Fig. 7 Maximum crushing force according to the ice size
and thickness

103 N
o t=1m
In-plane splitting failure
2 T~
10 ~_
T I.<L< Zl
53 e S
=+ cracking of a finite 4
SRR IS \i E
\\
~
0 D
10 o L> 2l
h < Circumferential crack
m D”efl m_(a(liﬁn of i (cut-of-?lalne )bendmg
a small ice floe : atlure
10-1_0 . .1 :......l2 . ..‘..‘..3 . h4
10 10 10 10 10

L [m]
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