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Evaluation of Hull Strength for IBRV ARAON

under the Level Ice Condition

by
YOUNG-JIN PARK

Department of Ocean Engineering

Graduate School of Korea Maritime University
ABSTRACT

As the oil price soars and the Russian economy revives, new orders of
icebreaking cargo vessels increased and that trend becomes an important
issue in the world’s shipbuilding market. One of the technical problems
concerned during navigation in ice-covered waters is an accurate estimation
of ice load exerted on ship’s hull. However, that still remains as a rather

difficult task in the design of icebreaking vessels.

To correctly estimate ice load on ship’s hull, it is essential to carry out
full-scale ice field trials to measure hull responses under given ice
conditions. And it is necessary to gather sea ice information in
understanding the ice-ship interaction dynamics. The first Korean-made
icebreaking research vessel ARAON had an ice field trial in the Arctic
Ocean during the summer season of 2010. The data gathered from the ice
field trial in Chukchi Sea and Beaufort Sea during the Arctic voyage of
ARAON includes material properties of sea ice such as ice temperature,
density and salinity, compressive strength of sea ice as well as ship’s hull

responses such as strain gauge records.



This study focuses on two issues ;

Firstly, the procedures of ice field trial of ARAON and the collected sea ice
data are described. Ice thickness is a primary parameter among various ice
properties. Sea ice thickness in the summer season in the Arctic Ocean
changes greatly year to year depending on prevailing weather conditions.
The ice thickness at each test sites was less than 2m but sea ice was often

superimposed hence the thickness sometimes exceeds 4m.

Ice strengths are also important factors in consideration of ice load on
ship’s hull. Compressive strength and flexural strength of sea ice were
measured. Due to warm weather conditions, it was difficult to find a large

ice floe to conduct a proper ice trial and the ice was generally weak.

Secondly, hull strength for the ARAON was analysed in consideration of a
level ice conditions. The nonlinear FEA approach to analyse hull structural
responses to the level ice load was described in this study. Concerning
possible ice-ship interaction scenarios, the stresses and deformation of side

hull structures were calculated using a commercial FEA program PATRAN

Based on an FMA Ice Class Rule "Tentative Guideline for Application of
Direct Calculation Methods Longitudinally Framed Structure (FMA, 2003)",
the estimated ice load was applied to ARAON’s narrow horizontal strip
areas of the side hull structures and the responses (i.e., maximum
deformation at maximum ice pressure) were calculated according to loading

and unloading paths.

Certain design requirements, such as frame spacing and shell thickness are

discussed.
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Fig. 2-5 Augering for ice thickness measurement

Fig. 2-6 Thickness measurement using ice gauge
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Fig. 2-7 Coring with 3“ ice corer

Fig. 2-8 Ice temperature measurement
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Fig. 2-9 Compressive strength measurement
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Ice temperature (°C )
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(Arctic 8/3~8/5, 2010) (M43 2], 2010)
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Ice density ( gfem® )
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Ice compression strength ( MPa )
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lce temperature (°C)
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Table 3-1 Ice conditions and various ice-ship interaction modes (/<

2008)
Ice Condition Characteristics Interaction Modes
Level Ice ( FHIK )
[ includes land-fast ice | 10710, FY C RSB
. Sl single or multiple,
Ice Ridges ( KIE ) FY or MY R, S, B
Rubble Fields ( €5%24% ) grounded or floating R, S
Iceberg ( k1l ) single R, S
Ice Floes ( K# ) single or multiple, FY C R S B
Level 4 ~
(very close pack ice) 9/10 10/10 C RS
Level 3
Pa‘ikklce (close pack ice) 7/10 - 8/10 GRS
(7K ) Level 2
[ice rldges (open pack ice) 4/10 - 6/10 (O]
may exist] Lovel 1
(very open pack ice) 'ig% ~ 3/10 < S
Open water (ice free) < 1/10
Brash Ice .
[ broken ice pieces in channel | gensblidaied Cylggse C S
C : Continuous
Ice Concentration | icebreaking
[ 040 - 1040 ] R : Ramming
RE FY : First-year Ice |S : Side hull
My : Multi-year Ice | compression
B : Beaching on ice

Table 3-2 Various ice and ship parameters needed to determine ice failure modes
and ice loads (A%, 2008)

Ice Properties

Ship Properties

Ice Failure Modes

® Ice Sheet Thickness

e Flexural Strength

e Crushing Strength

® Jce Density

* Young's Modulus

e Poisson’s Ratio

e Friction Coefficient

® Temperature

e Grain Size/Orientation
® Salinity

Ship Speed
Displacement
Length

Breadth
Depth/Draft
Hull Form/Lines

Engine Power

¢ Crushing

* Bending

Buckling

Spalling/Shear Failure
¢ Circumferential and
Radial Cracking

® Creep
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Fig. 3-1& &3l AA &45<%+= =LA Bow, Shoulder, Midship, Bottom, Stern
(Propeller, Steering gear X3} GollA WSS & 4 Utk olyg A &4
FRE sty o] F2 dojuh= Stem FET Bilge i &3S A3t
o AA 75 (Stem, Bow, Shoulder, Midship, Bilge, Bottom, Stern) .= U+
of Zt B d3H9 H548S et

Fig. 3-1 Positions on the sea ice and ship collisions (Daley et al., 2008)

g2 W-A4 B8 REES ofget Zo] Flstih

Area 1 Stem : Ice breaking and Ramming (any large feature), Beaching

Area 2 Bow : Icebreaking, Glancing impact (any large feature), and Reflected

impact

Area 3 Shoulder : Glancing impact, Reflected impact, and Wedging impact

Area 4 Midbody : Glancing impact and Pressure loads

Area 5 Turn of Bilge : Impact with submerged pieces broken during
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icebreaking

Area 6 Bottom : Beaching loads and Impact with submerged pieces broken

Area 7 Stern

during icebreaking

: Backing loads (conventional), Icebreaking loads (double

acting), Appendage impact loads, and Propeller-induced

impact loads

Position Loading Scenario Picture
Ramming
(thin, thick ice)
Stem
Beaching
Glancing impact
(thin, thick ice, ice mass)
Bow

Blunt bow impact
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Reflected impact = ’7
=

Bulbous impact

Glancing impact

(thin, thick ice, ice mass) " =
el -\\__’/
Shoulder
e = —
/t;::_r"'--’—; Bl
Reflected impact = ’,7
=
F‘\W_%—-—; e
Wedging impact ﬁ\ \\
Glancing impact
Pressure loads
Midship

(static)

Pressure loads

(dynamic)
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Turn of Bilge Bilge impact

Bottom Bottom contact

Propeller/Rudder
Stern

contact

......

Fig. 3-2 Sea ice and ship interaction scenarios (Daley, 2006)

Fig. 3-2¢} #Zo] AlYyg Qo] we} HdA|e] Shoulder (£ Bow) Fit-ollXA9]
Glancing impact ©]%°] Midship F:+l4] Reflected impact7} T st= 274
< Fig. 3-3°A HoFrh Midshipoll Ao 52 &%E7F %7] Shoulder((:+
Bow)F-2o| Ao 7 TRl X|o] ule} D‘rf‘q— Z]al z7] Glancing impact2}
Reflected impact Aol AJ7H& =2 X T+ {3 Atole] Al uwet 24
doh ol A&l s Aoz Qs A eAlwE #+F T Yaws}
Sway7} A=t Yawe} SwayZl FAlo] FHEE wf ] Reflected impact= A
A FGHE AdFAM A dojdr)
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o - 1 initial collision ]
i 3 i ‘ b 1 initial collision
," h2 hg 2 reflected collision /’ % N
Smm— e F 5 2 reflected collision
S . (slower due to speed decay)
(a) (b)

Fig. 3-3 Reflected impact at the midship after glancing impact (Daley et al., 2008)
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Fig. 4-1 General arrangement of the IBRV ARAON (32 =<, 2009)

Table 4-1 Principal dimension of the IBRV ARAON

Length O.A.
Length B.P.

Length  (Scantling)
Breadth  (Moulded)
Depth  (Moulded)
Draft  (Scantling)
Cb  (Scantling)

Displacement

Speed

Propulsion system

Icebreaking efficiency
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£ oA A8 Alse AP Al S (Linear elastic materia) 22X AE =

4 et 2

Table 4-2 Material properties of steel

Mild High strength High strength
steel steel (HT32) steel (HT36)

Property

Young’'s modulus (MPa)
Density (kg/m’)

Poisson’s ratio
Yield strength (MPa)

421 BAAZA

G+

" Ce
ol
x

Fig. 4-2 Boundary conditions
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4.2.2 W3}z (Ice pressure) 2H4

1>
i)
M
o,
)
ofo
ol
ok
k]
30

Tentative Guideline Design ice pressureE T2

o} (Finnish Maritime Administration, 2003).
p=cyXc; X, Xp, 4-1)

Design ice pressures Z-&3}7] ]3)A]

_?_
Zo] Extreme ice pressureE A-83}al Ut
P = 3-37 X ¢y X ¢; X py(1.059—0.175L) (4-2)

o714, Bzt Hhg2 1.00]t

C; = a factor which takes account of the influence of the size and engine

output of the ship.

_ axXk+b 43
€~ 71000 (4-3)

VA X P

1000
o] 714,

A = the displacement of the ship at maximum ice class draught [t]

P = the actual continuous engine output of the ship [kW]

Cy = a factor which takes account of the probability that the design ice
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pressure occurs in a certain region of the hull for the ice class in

question.

Table 4-3 Coefficient of €y for different location

Region
Ice class —
Forward Midship Aft
IA Super
IA
1B
IC

C, = a factor which takes account of the probability that the full length of

the area under consideration will be under pressure at the same time.

475,

o= Tl (maximum 1.0, minimum 0.6) (4-5)

C

Po = the nominal ice pressure, the value 5.6MPa shall be used.

olFA BAX po. S = ol&dto MAS FAL HFFo| Line load(Q)E
7¥sbd ®t). Line load(Q): otelel Fa3 2o] p . 9 Load height(h)e] &
o7 ¥

Q= P X b [N/mm)] (4-6)
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o] 7]14] hE Ice classol| e} thS7} o] Ao =t}

Table 4-4 h values for different ice classes

Ice class hy(m) h(m)
IA Super 1.0 0.35
IA 0.8 0.30
1B 0.6 0.25
IC 0.4 0.22

2 Ao AbgE ke WEE-2 TA Supero|tt.

Line load(Q)®l #& ot 2om o] o] £ =Fd AHgatA € F45s
ol e},

Table 4-5 Line load for different location
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AW ATA ARAONZ o] HA] Zole} A%, Tentative GuidelineS 53}o] 3
ol AFE3 FX= o2 2o}

* Span length : 2.1m
hy : 1m
hy/s : 1.250

Displacement : 8000ton
Power : 5000kW
Ice class : IA Super

Table 4-6 Maximum ice pressure at shell plate

&

S
&

lon
rr
ui
oo

I} o] Hojd

Table 4-7 Data of a, b for different location and k

Region

Forward Midship & Aft
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B oAs 98] A" d9AEE ¢ (Pressure) ¥ 3-8 (Stress)S N/mm’,
Y (Force) N, Z4o] & F7A= mmE AH&stlon, Ao 4% kgs AHE-S}

ATt
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44 T=8)4 23

Ao SAsFo] telAe W A, T4, Avle] HW HE L Table 4-8%
2.

Table 4-8 Deformation at maximum pressure

Model Deformation at maximum pressure

Table 4-8014 & 4 31—%01 WEA sFol & A4 Eo 2 Wl Jojyw,
(]
=

Au] Zole A
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Fig. 4-14 Deformation according to load ratio for midship
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Patran 2008r2 01-May-11 01:3267 3565+002)

Fringe: ICE, A1:Non-linear: 100. % of Load, Nonlinear Stresses, Stress Tensor, von Mises, At Z1
3.31+002
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Fig. 4-16 Stress wave propagation according to the load ratio
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Table 4-9 Stress at maximum pressure

Model Stress at maximum pressure
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A AW AT ARAONS O g 2 A9 2o}t A4 vud 5+ 3l
= A5 delHe gle dAelt. mEtd IHAHeE 2 =&l AR
Tentative Guideline®] A& AF&3le] W9 TS e AR
Chemical tankerE A®sle] W] 755 HusATH (44 2, 2010).

m Chemical tanker
Hl & Ao Al-&H Chemical tanker®] #|¥S o33} 2t}

Table 4-10 Principal dimensions of a chemical tanker

Length O.A.

Length B.P.

Length  (Scantling)

Breadth  (Moulded)

Depth  (Moulded)

Draft  (Scantling)

Service  Speed (at NCR 159
Cb (scantling)
S.W.B.M(Hogging) Q

S.W.B.M(Sagging)
Web  Frame spacing 0

o] s Ao M= 33 EPo] 4 web frame spacing Aol W3l o]
FHom, o] WEFo 2= 27)9 Horizontal stringer AFo]dll Ice belt zones
3}3t3l Hopper 455 tidoZ sta th. JW3F O 2 Double skin % 9ol
+ Inner sking ¥ 33}3l Single skin g 9= Main web frameS X3}

o ddE = WelE et 2k

2 H
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Table 4-11 Modeling range of a chemical tanker (72 €|, 2010)

Model Longitudinal  direction Vertical  direction

Forward
Midship
Aft

TFx3A Ede X3E FA= Side shell plate, Side longitudinal frame,
Inner skin plate, Longitudinal, Web frames, Web frame stiffeners 3 Brackets
Solth. 12|l Line load7b #8-€ ¥ f24= AYATd ARAONZ 9 2
2 # 8AE AFESIH ST Ice classe IBE Z&3ste] vIAY S 33

At}

oo o sjMATs AT ARAONT S| AxA7E vlmat ol

o

Table 4-12 Deformation at maximum pressure for the IBRV ARAON and

chemical tanker

IBRV ARAON chemical tanker

Fore

Midship

Table 4-12014 H%o] Y AF4 ARAONS] H&o] Chemical tanker(Z 74
9], 2010) 2tk EA3] Fgs & F Atk T olfr= v 2ol 28T F 3
o}

AAZ AA e 2 zolof] 7| Aoz A & 4 9l
HAHNATLA  ARAONE  Transverse T+%¢1d  HHell, Chemical tankere
Longitudinal FX= o 317 Folty). =, Transversed X7}

re

[
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