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Nomenclature

F = modulus of elasticity [GPal
v = Poisson’ s ratio

¢ = strain intensity

o,, = equivalent stress [MPal

o = stress [MPa]

C = influence coefficient

p = local ice pressure [MPal]

n = number of data

o = constant [MPal]

x, = constant [MPa]

p, = probability of exceedance

b

random quantity denoting pressure

AN
n

. = number of impacting event

proportion of event

<
I

ship spped [m/s]

<
I

gravitational acceleration [m/s?]
= characteristic length of a ship [m]

= ice thickness [m]

S

= area [m?]
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Probabilistic Approach on the Arctic Ice Load Data for
IBRV ARAON

Sungrok Cho

Department of Ocean Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

The most important factor in the design of an icebreaking vessel is the
ice pressure from sea ice, however it is difficult to quantify ice pressure.

The best way is to measure ice load through field test.

The first icebreaking research vessel in Korea, ARAON, has collected
various data including strain through several field tests since 2010. The
collected data have not been used in the design of ship structures due to
insufficient analysis procedures. The purpose of this study is to derive local
design ice pressure based on the field data from ARAON in order to
improve structural design against ice load.

In this study a local design ice pressure as functions of contact area is
derived using data from 2016 ARAON’s Arctic field test, which collected
more diversified strain data than the previous year’s field tests, including
ship’s speed and ice thickness information by use of integrated monitoring

system.

_Vi_
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Local ice pressure is usually described as a function of contact areas, but
it is not practical to express the ice pressure only by area. The pressure
depends on various factors such as ship speed and material properties of
sea ice. In this study, the local design ice pressure was reanalysed after
reviewing the ARAON’s data to consider speed of vessels and thickness of

sea ice.

KEY WORDS: Local ice pressure(=*" %), Probabilistic analysis(Z&&%] 3l
A1), IBRV ARAON(H®W AT o}eh235), Arctic field data(5=3l AlZ ©lo]H)
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Fig. 2-1 MotionPak installed in the engine

room

Fig. 2-2 Electromagnetic induction

instrument installed for measuring

ice thickness
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Fig. 2-6 Locations of installed strain gauge (Starboard side)
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fig. 2-7 Strain gauge installed on plate
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{p} = [C]" ' {o} (6)
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Fig. 2-9 Time history of local ice pressure (area
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Fig. 2-12 Camera installed middle in the ship on starboard

side

Fig. 2-13 Exposed sectional image of sea ice
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Fig. 2-14 Thickness estimation of sea ice using image analysis program
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Fig. 3-1 Local ice pressure vs. contact area data and the
proposed local ice load prediction
(Choi and Jeong, 2008)
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Fig. 3-2 Ice conditions during 2016 Arctic voyage
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distribution)$t7} 7Hd & wt= A3E HoFE(Jordaan et al., 1993). &
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Fig. 3-4 Fit to tail of distribution (a) area
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Table 3-1 o« and =, for different areas

Area (m?) o (MPa) z, (MPa)
0.4m> 0.5962 -1.8348
0.8m? 0.3609 -1.0278
1.2m* 0.2576 -0.6988
1.6m> 0.1977 -0.5143
2.0m? 0.1589 -0.3978
2.4m? 0.1322 -0.3198
2.8m* 0.1131 -0.2657
3.2m? 0.0985 -0.2257
3.6m* 0.0872 -0.1955
4.0m* 0.0781 -0.1722
4.4m* 0.0707 -0.1536
4.8m* 0.0644 -0.1830
5.2m* 0.0590 -0.1663
5.6m* 0.0543 -0.1518
6.0m* 0.0500 -0.1388
6.4m> 0.0461 -0.1269
6.8m* 0.0423 -0.1156
7.2m? 0.0387 -0.1048
7.6m> 0.0349 -0.0936
8.0m* 0.0303 -0.0805
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ASE BdE "HolHe & A0 e 2ELAJACIAE 7Ieoz ASd
olgojtt. shAIRt s dHE e A ok oMY AT 4 glon,
ol Eq.(N< Eq.(Ds} o] 4o =zA 18T & At

—log(——) 9)

Fig. 3-5& Eq.(9< &3 Aujx= = ol
o} o], HolE Exy} gz ey, T&H A w2l Aol
A dot mEAs HdA e dHor AAFEE o= 1,9 20l ™ Table
3-20l 88z, 9 = Agsian.
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Fig. 3-5 Fit to tail of modified distribution (a) area = 0.4m* (b) = area =
8m?
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Table 3-2 Modified z,” for different areas

Area (m?) z, (MPa)
0.4m” -3.9012
0.8m? -2.2785
1.2m* -1.56917
1.6m* -1.1995
2.0m? -0.9481
2.4m? -0.7780
2.8m’ -0.6576
3.2m? -0.5672
3.6m* -0.4978
4.0m* -0.4430
4.4m* -0.3986
4.8m?* -0.3617
5.2m’ -0.3300
5.6m* -0.3023
6.0m* -0.2776
6.4m* -0.2547
6.8m* -0.2330
7.2m? -0.2122
7.6m’ -0.1904
8.0m? -0.1644
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A& 4 AthHTaylor et al, 2010). ¥ AFA= BE 2,9 #ol =5 @&
7HA AL o B =z, oo thil FFL FAEAH
2 T T
oXO
1 x xo'(modified)
0r e o © © © ©. o o o g 9 g @ ?
E -] ° \ x x x by * : £
s 1 0 i
><O
2 ° 4
-3 —
B T 2 3 2 5 6 7 8
Area[mZ]
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Fig. 3-7 In(Area) vs. In(«o)
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Fig. 3-8 Area vs. «
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32. 49-93 ALY ==

Zyzre] HolHe AR dA#Ao] gle FHA(independence)E 7HA AL, wl-$-
e AZEAA FAC 2] e FEC] AT FES FAY F AS UF
it whEbA Eq(D9F o] ©he] Azt gk Aol 4=€HS pet s pUL
HA S 52 Eq.(12)9F 2ol 238E 3 Fp(p)dl tid Zols 7 (Poisson
process) .2 YEeRdE 4 Ut}

P=max(X, X, ~,X,) (1D

Fp(p) = expl—exp(— p_axo i (12)

A71M pe Eq.(13)ek Zol e 713 9 T4
ol Hl

Ay o|HIE F A WA A EAst=
AT olu, & BEHQ AFRE fs§) 18 AMEst= Aol dAHEHTaylor et
al., 2010).

w=r- v, (13)

Eq.2)+ z, =« Ipk 3t Eq(4)9 2o AT 4+ Adon, ol bA
T The R Ao 4E pol tis Eq.(15%F 2o] AEE 4 AT
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Fig. 3-9 Probability of exceedance vs. pressure (area = 0.4m?)

Fig. 3-9¢] A#& A RH WA 04m’o thal 5% =7Eo disl] Hoj
8.33MPa, 1% =¥ &Ecl disl Hol 9.91MPa¢] St=o] WAL &+ U2 &

Ne=
T Aok gE, AA Fgol il A 1%8] ZFHFE Pstes $He Ao
AAR] F2EFE dAE FAT FF dols A= E4e A48 3
< AL gYolmr A A 1% 2HAFEC fFste dES Addst= A
o] &2 olth(Frederking, 2003). wztA ARAONZ S AAAFS EUE ==
g AA FEYee FA 242 Eq.(18)¢F 2ol Y + T

Poor = 3.934 %% [MPa] (18)
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Fig. 3-102 Eq.(18)¢] At Axkel 2E W4y A5 dHolHE 974 1=z=
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Fig. 3-10 Proposed equation and all measured data for different

areas
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Fig. 4-1 Ship speed vs. Pressure for different areas
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Fig. 4-3 Ship speed vs. pressure and the modified local design ice
load
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