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Outline

= Main ice class rules and areas of application
= Short History
* Rule Comparisons
* Design scenarios
* Ice mechanics concepts
e Strength formulations
* Performance issues

= Equivalency Issues

Brazilian Research Vessel Mar Sem Fim, sunk by ice pressure, April 2012, Antarctica,
Source: sometimes-interesting.com
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lce Class Areas

Ice Class Rules have
evolved from:

Government Policy
and

Classification Society
Response to Clients

Russian Rules

Baltic Rules
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Short History of Ice Classes

1890s-1960s

* Finnish-Swedish (Baltic) rules evolved
(1AS in 1965)

* Early classification society rules
1970s-1980s

* Baltic Rules revised in 1971,

* First ASPPR Rules 1972, revised 89 ('95)

1990s-2000s
* |ACS Polar Rules developed (1992-2000)
°* RR revised (1995, 2008)

= 2012 - IACS UR fully adopted in ABS

= 2014 — IMO Polar Code (discussions
underway)
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JACS Polar Class Rules (URI)

The Polar Rules were developed by experts who represented
the knowledge base behind the main ice class systems in the
world, including Canada, Russia, Finland and Class Societies.
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Comparing Ice Class Rules

All rule system are unique. Each system uses its own unique
approach to ice loads and strength, and arrives at a set of class
reguirements in its own way:

= Design scenarios

= |ce mechanics concepts
= Strength formulations

= Operational

= Parameters considered
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Ice Class Design Scenarios

Most scenarios are ‘nominal’, IACS scenario is explicit
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Ice Load Models

Force or pressure based
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Ice Strengthened Hull Areas

Bow + others
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Structural Strength Approaches

Plastic vs Elastic

ﬁ*. ASPPR Rules ) /i Russian Rules N /EE Baltic Rules b
Plastic Capacity Models Plastic Capacity Models I-EI;tic Strength Models

] ] Plate (bending) o=

Plate (folding) [ -] || | ____ T T T
— Plate (folding) [ | ~-=

______

Frame Ghye—5—o ) - Frame (bending) —F——)

+ shear o L
. N\ N\l %

4 IACS Polar Rules N

Plastic Capacity Models

_______

Plate (folding) [ | >—-<| |

Frame (3h) ﬂj’

Frame (end shear) I\\Ef | ~ 0
o %

m Faculty of Engineering 10

UNIVERSITY and Applied Science




Traffic Management and Ice Performance

Safety Only vs Safety & Performance

Question: Do power and IB support help safety?

J*]J ASPPR Rules

No Icebreaker support

- independent navigation
No Icebreaker support

- independent navigation

Canada uses Zone/Dates
+ Ice Regime System

'\

No performance requirements

) fi Russian Rules
Ilce performance assessed

- Icebreaker support may
be required for access

Russia uses Sea Areas and
Winter Severity Table

Laptev
E.G.

ExHME
Arc8 IN [- * ++

\

p
= Baltic Rules
H

Power Required

- Ilcebreaker support
provided (more strength =
lower fees)

TRAFI Manages with IB Fleet

-

IACS Polar Rules

No performance requirements
Just a construction standard

- actual navigation control left to others
- performance guidance (e.g. safe speed)

under development

_/
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Polar Classes

e Lowest Polar Class (PC7): should have general levels of
strengthening roughly comparable to RRS Arc 5 and Trafi 1A

e Highest Polar Class (PC1). capable of independent operation
without limitations, above Arc9 required for Russian Waters.

e The Polar Rules provide a minimum level of ice strengthening. All
Polar Classes can encounter ice conditions

that could damage the structure RRS [IACS
. i Arc9 PCI
e Ice Class is evolving. e’ PC2 | Year-Round
£ : ded! ﬁrcg PC3 Navigation
Xpe”ence neeaea: ArCG PC4 | in Arctic Waters
reo | pcs
Winter 1As | Arcs PC6 Su_mmer _Navigation
Navigation| 1A Arc4 | PC7 in Arctic Waters
in Sl.l_b- 1B Ice3 | Notes:
Arctic 1C Ice2 i - independent operation allowed
Waters Icel in all Russian sea areas in all winters
e - icebreaker escorted operation allowed
TRAFI RRS in all Russian sea areas in all winters
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Icebreaking Hull Forms
Correspondence depends on hull form (formulations differ).

90 T T
! =) ==
| <— = e
lx 3 T
-z iy 5 e
. A tal - T
80 ig Etoﬂ sunacc.ap ” o
1 A 1! e © - |
—_ 00 - -
T SN
' e, © - - 6\‘\(‘5\}‘"
- : % : 2 pad 0'5‘?-"/
70 1 e L Q‘??‘"
lce 3 @ T e s
e e - -
d @'S el e
- Pad g
- | e )g‘ - ~
00 =] '@ = -
| 2 // |§ 7 -
b - So
| B 1@, 320
AD >4 - ce®
2 A= ‘BC'O
o A= L O
s 3 & 3\9
| %,” (=] ~ 0\)(4
—_— |2 1o e e
5 Ao IE PR ™ T
[K=] (= -
iy 1@ 19 . X
= A3 e
= | g 3 - - A RMRS ARC5&6 - above curve is unacceptable at FP
e | I
@ e X
= 3 -
3 P ° . A
= @ 11X o _- + A
éO * - o® A
| et ag-e o
1 20 | X 'S
1 1
P -~
; a A ;?o o®
!/ @ A .
/7 x4 e 'y X % bt X
// L i
s P | H X
10 414/ o7 * - R R
| EAEAR Vo x
i - O
i@ n* ® | e
% S5 ¥ 1 | X
1
0 4= T t . T T T T T
0 10 20 30 40 50 60 70 80 90
frame angle, g (°)

Faculty of Engineering
and Applied Science

V| a
UNIVERSITY

30 [DNV]

——-gamma < 75

ganuna

------- ganuna < 70

—beta = 1 3-alpha [GL]
Russian High Ice Class

+ Russian Low Ice Class

Russian Non-Ice Class

>

o D.Donskoi

*  Samatlor

e [ Papanin
Oden

4 Wedge
Spoon
Kashira
Amguema

*< Balt_terry!

T Fox

¢ Norilsk

< Kemira

A NAS247 AHTS

+ SHI 1660 Shuttle

*  DSME Tanker

@ MMC OSV?

A NAS23508V
CNMM 280 Chenucal
HDW 357 Ferry!
HMD 0311 Tanker!

® HHI 1615 Tanker!
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lindicates bulbous bow
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Ice Class Correspondence Tables

Correspondence depends on what is assessed.

CACIp Ice Class
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2 of Shipping Source: CNIIMF (Russian Federation)
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Source: Appolonov et al. 2007

m Faculty of Engineering

UNIVERSITY and Applied Science

14



RMRS Arc6 Double Acting Arctic Tanker
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Thank You For Listening

Grounded Icebergs
near St. John’s
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