etz Mstal=2 )

Journal of the Society of Naval Architects of Korea

PISSN:1225-1143, Vol. 51, No, 2, pp. 107-113, April 2014
eISSN:2287-7355, http://dx.doi.org/10.3744/SNAK 2014.51.2,107

j*u
§|I='
= Ho
- 09
Of¥
=
[
r
0=
ol
of¥
=
=
o
HI
1x
-
-

z
w

OE['- ZIEH?- clxisp T . 2]
74)\|‘|:Ho|'jl_ OHOF)\|AE‘||_|_O|'_I|> 6H
ZNUEm CfstY! SligbhAglE

=7 AR AL g

O|0||

o L

it

|_2

3

Jon
] 0

>

A Study on Analysis of lce Load Measured during the Voyage in the

Arctic Sea
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The icebreaking research vessel, ARAON had her second ice trial in the Arctic Sea from 16th July to 12th August 2010, During the
voyage, the local ice loads acting on the bow of port side were measured from 14 strain gauges, The measurements were also carried
out in ice waters with various ice concentration ratio as well as the icebreaking performance tests, In this study, the ice loads measured
during the 'general' operation in ice waters were analyzed. As a first step, the relationship between the location of strain gauges and
the ice loads were investigated, and then the possibility for observation of higher ice loads was estimated based on the probability
density function, The relationship between the ship speed and the ice load was also investigated, 718 peak stresses data higher than
20 MPa obtained from strain gauges array attached in longitudinally and vertically was analyzed, In general, the ice load increases as
the ship speed increases in the low ship speed range, and ice load decreases as the ship speed is greater than a certain speed,

Keywords : Ice load(2/5t5), Correlation between measuring location and ice load(AISYIX|2t YIS0l MEtA) Arctic sea(E=4l)),
Icegreaker(A{1M) Probability density function(ZF2ESls), Ship speed—ice load curve(M&—BIGIES M)
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Fig. 3 Location of strain gauges in bow thruster room
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E45 7,620 A/BolCE 2|11 AlO|X| F&F xlof AlSE M2
= EH36(E=LT 355MPa)22 11 FH= 34.5mmolCt.
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Al™el HOlEES LA, AIS =AMER Table 10 H2I51
Ch AIE AlZF2 1,80022 SLsH LRI A0 HEF ZA|
7|80l oA 2, BS, |2 FHEH Y Fa ¥ YR
(ice concentration; 100| Z[CHR)E EAISICE oM —'2 ]
of l= FE22 AE YAle| 7|50| Hot UX| g2 F2olct

Table 10l 2|51H, 20MPa O|AkRI T[FZf0| HFE Sl4=
7183lof| 5t Uck ol 2470 Moo SAlol| ASE A
25 736l ot E5H £ 23 400%2k= HAISAIZIE oF
AlZlol| sliEele HoZ 22| Mdsictn & 4= Qlck
2ol EAIE SiEo] MA oiget HsiME S35
2010 AZSAPZ[Ql o{EH= MAAHcze 1144 Wol of
old|, 244 == 1 ofAke| sfiio] MEE H<oll= 0l
el MA Chof w2l 144 B 2
Y CHAM Bloz PESk= 0| 2EEo|o] o] & 144 &
A2 0.3~1.2m M| FHE Zh=Ct

oM 2 F(big floe)ol2t B2 sliElel Zolol| w2 FE0|
o, MAZ AP |7HWMO; World Meteorological Organization)oll
o|5iM 1 Z0]7} 500~2,000m Heloll &5k= A<0(od, WMO
code 50l =L} (Likhomanov, 2010).
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Fig. 4 Relationship between stress and location of
strain gauges in longitudinal direction(7th
Aug. 1st)

Fig. 40l H2|&l M=a| Wako| A 2(x[et S2nte| 2AHE
MTHEH, M 52 2/%|(-400mm X[&)oflM= 20MPag H= T
3 3=0| Mo] AF=[X| ktend, R1 2IX((-1,200mm X|&)of|
MFE S5 2IxI(1,600mm X[E)7H| Z[Cigf2 MeEez 25

Table 1 Summary of measurements and ice conditions

g Z7fsks FMIE 2ol1 Qlck a2t O 2] Hiolg A
of Chst mojE AkbA|<=(Pearson's correlation coefficient)E 7|
A5l 0.322 HE9| 4ol Felix|=dl, ol AfatMol eketg o
0|5k= ==0|ct. A= g0 1 == 10| =™ kM oF &
olo|sin] YHIMo=Z 0.4 o|Alolofof Ci =
7oz &1 Ut (Yang, 2012).
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Fig. 5 Relationship between stress and location of
strain gauges in vertical direction(7th Aug. 1st)

MA| Zlo| ghakel AO[X| fIx[of mE mZ S LIERH
Fig. 50llM= EMX 7H AHIOIX| x| oM Z(3gto] AZ=RL
=, R4 2IX|(-500mm XF)IM El= gte 1245k
R6(=1,500mm X&)} R5(-1,000mm X&) T2 R4FE
R2(500mm X|&)7kK| 22| Altao| = Hez =eolck J2{ut
O| ek HA| A& ol BH 212+ -0.3431 0.157 M=

0[H, O EEgh £k2kdo| <fet -Fol HFEEL Urt

Date Test Measuring No. of peak Draft (m) Wind speed E;timated ice | Estimated Iice Remark
No. |[time (sec)|over 20MPa (knot)  |thickness (m) | concentration
1 1,800 52 7.01 6 0.5~1.0
07-31 2 1,800 27 6.93 9 0.5~1.0 4~5 almost water
3 1,800 51 6.90 8 0.5~2.0 4~5
08-01 1 1,800 54 6.99 15 0.5~0.7, 1.0 8
08-02| 1 1,800 51 7.08 12.5 - 6 almost water
1 1,800 112 7.1 12.7 0.7~1.0, 1.5 9 also multi-year ice
2 1,800 114 - - - -
08-07 3 1,800 57 - - - -
4 1,800 57 - - - -
5 1,800 42 7.14 10.6 0.5 7~8 also 2nd year ice
6 1,800 27 - - - -
08-08 1 1,800 41 7.01 6.5 1.0 9 ridge, multi and 2nd year ice
2 1,800 33 - 3.0 ~1,2 - 2nd year, one big floe
sum 23,400 718
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Table 2 All measured stresses at the top 5 peaks

Rark 1 Rark 2 Rark 3 Rark 4 Rark 5

Strain
e (th Aug. | (7th Aug. | (7th Aug. | (8th Aug. | (7th Aug.
st test) | 1sttest) | 4thtest) | 1sttest) | 1st test)
R1-1 -0.11 0.05 -0.03 -0.18 -0.17
S1 -0.06 -0.09 -0.01 -0.05 -0.18

S2 -0.12 0.03 -0.02 | -0.41 -0.05

4.63 3.89 1.82 127.80 | 4.96

3.87 3.62 1.79 19.74 16.14

2.81 3.08 0.96 4.80 13.83

)
)
RA(ES) | 3.64 3.74 1.68 6.24 | 112.60
)
)

3.09 2.69 2.28 5.84 12.60

S3 -3.63 | -5.87 | -0.81 -3.99 | -1.40

S4 -7.75 5.94 -1.46 0.20 -0.42

R7-1 | -16.63 | 144.34 | -4.35 | -0.64 0.03

S5 166,62 | 13.34 | -1.34 | -0.14 | -1.10

S6 -20.24 | -5.36 | -16.35 | -0.71 -1.23

R8-1 | -3.65 | -2.83 | 141.20 | -1.72 | —1.96
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