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Background

A new generation of Ice Class Ships is under development
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http://upload.wikimedia.org/wikipedia/en/6/6f/Polar8.jpg

Background

New routes and operating profiles are under consideration
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Scenario-based design

Ace class rules have evolved considerably

AThe new IACS Polar Class Rules are based on
extensive analysis of (successful and
unsuccessful) operational experience

/MHowever, many new ships and services are
outside the bounds of experience and data

/Owners, designers, operators and regulators
should consider Rules and Requirements as
starting rather than end points

/Scenario-based approaches can inform and
guide the design of ships of the future.
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Scenario-based Operations

From the Liberian accident investigation | .y
report (March 2009): ——

Masterods statement :

ADuring my more t
experience from ice ng
feel any danger to pass this
ice..especially as | was on an ice-classed
vessel o
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field with an overconfident attitude
regarding the capabilities of the
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Direct Design Software:

vl DDePS:

O Interaction between ship and infinite ice edge.

O Peak Ice impact loads solved by Popov Method (energy).

V2 DDePS:

O Time-history added.

O Additional cases (e.g. bulbous bow)

v3 DDePS:

O Interaction between ship and ice floe with the finite mass.

O Motions of ice and ship calculated.
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Infinite Ice Scenarios

Version 1 of DDePS contained solutions for these scenarios.
Version 1 gave peak impact force and load patch. Version 2 added the time-history of
the transient impact force.
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Finite Ice Scenarios

Version 3 of DDePS contains solutions for these scenarios, in addition to the infinite ice

cases.
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DDePS V3 Example Case

Scenario: 2a ship striking an edge of a finite ice
floe.
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Popov Impact Ice Load Calculation
for finite ice

Kinetic Crushing

Alormal Kinetic Energy
= Ice Crush. Energy

1
AFor finite ice, the ice and = 1 T
ship mass are combinedt ot al ¢ Popevwgt ——

Acind indentatiad) & Find .
force, area, pressure. Mass Mass

=
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OTi me historyo Load Cal cul

(Same assumptions as in Popov, except solution is in time domain, and can
only be done numerically)

Solve two 2" order Ordinary Differential Equations

Find indentation d(t) A Find force, area, pressure.

d? .
I\/Ie ship dt2 Xsh|p(t) — po Cfa@f(t)f '
d? f
I\/Ie ice dt2 che(t) — pO Ga@j(t) o

d(t) = Xship(t) - )ﬁce(t)
no analytical solution :  Solve for Xy, (t) and %.(t) by numerical integration
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Infinite Ice: Scenarios 2a

The
IS compared to the
numerical solution

and gives excellent
agreement
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A B | 5 [0 & T F T & H I o T w T v T wml nw [ ol ®r [ a [ R s U T v TWw T = T v [ 2 [ Aaa
Case 2a Glancing Collision (Wedge Edge)
loe Block Parameters units
Ship Name SN LNGI test
Length Loa 2700 m Length 30000.000 m
Beam B 4406 m Beam 50.000 m
Draft T n23 m lce thickness 10,000 m
| 3 | Height H 2638 m Density 800,000 Kghm3
| Block Coef. cB 0766 nd Draft 2780 m
| Vaterplane Coef Cwp 07463 nd Block Coef. 1000 nd
[z | Cm 0535 nd Vaterplane Coef 1000 nd
2 | M 105728 tonnes Midship Coefficient 1000 nd
|+ | Initial Walues Mass 1I50E-07 tonnes
| & | Ship Speed ¥s 10000 mis - 132300.000 KN Infinie loz Soenarin Einite loe Floe Soenarin
|1 | sway speed vy 00000 mis
[ 17 | heave speed vz 00000 mis
|18 | roll speed 0.0000 radds
Fitch speed 0.0000 radts.
o | Yaw Speed 0.0000 radts 3D sketch
| 23| Hull ingles and cocrdinates loz Black Angles and Coordinates
= i 5 23 deg
El Fets # 997 deg
| 3 | et prime b 413 deg
[ a7 | - 7 225 deg
| zz | Alpha a 04014 rad
| 29 | eta b 01740 rad
| Beta prime b 01805 rad
N gamma a 03927 rad
Ea Summetrical no text e-8 L
Ex i true normal
| 1 coordinate B 1048 m 1 coordinate E000.000 m front side
§ coordinate y 25 m y coordinate 50 m
oordfie I U om O n 2 coordinate om Indentation Geometry
| e strength term Po 13 Mpa
| 40| Ice exponent [process P, ex 01 nd
K| ‘Wedge angle ¥ 150 deg
7| ‘Wedge angle ¥ 2862 rad
43 | Ice Thickness hi 400 m
|4 | Ice flex. Strength f 065 MP3
| 45 | form factar 1 W 290 nd
5 | form factor 2 i 745 nd
Flesural for limit Fi i M
g | Flex limit on pen anlim 198 m =
~
0002 mis
5629E07 kg
AIBTEA kgrmais2
| 81| Besuks
oz | peniorush] = 0750 m
Crush Foree Fo 14833 MM
N Impusle Fraction k_imp. 1000 new to it Hex ® - 045 08
%5 | ‘penin an 0730 m ® E 04 ——v_ship 08
Mormal Force Fn 14833 MM FlexFailure it Blue : =3
a7 | Average Fressure Fay 0932 Mpa " 5 0% —S-vies g
& R E o3 ——Veqn <08
FT] width of patch " 5374 m 0 g o25 8o
10 Height anaiu:h h 5003 m [ — 3o % 04 ——Pen(n)
']e _> 5 i s o s —&—Pen_Popov
92 width of patch 4 2 o &gz
34 Height of patch h 2
| 5 | Area Ad £.303 N 005 o
3 Force F 14.839 o Ll
a7 | Line Load Q 5.413 8 3 4 0 1 z 3 o 1 H 3 +
38| Patch pressure Pd 2.354 D sec] Ve I Oc Ity P e n eltré{ti O n

: 4 v n|fchips {1ai {1ab { 1abs {1bi {1bh ,‘(‘;gEu 2a42b {2 f2d [3a {3b {43l [ 5a [ 5b {Ba b 4 Summary
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Finite Ice: Scenarios 2a

A B | c [0 T e T ¢ T & H I [0 T % [ v [ w™m [ w [ o [ P [ & [ "R [ & [T [ [ % [ w [ ® [ ¥ [ 2z | sans
Case 2a Glancing Collision (Wedge Edge)
units Loz Block Parameters wnits
Ship Name SN LNGT tent
Length Loa 2700 m Length 300000 m
B 4405 m Beam 50000 m
T 129 m Ice thickness 0000 m
Hi H 2598 m Density 00000 Kgims
Block Coef. cB 0768 nd Draft 5780 m
Waterplane Coef Cwp 07469 nd Block Coef. 1000 nd
Midship Coeffisient  Cm 0825 nd WVaterplane Coef 1000 nd
Mass M 105728 tonnes Midship Coefficient 1000 nd
Initial Values Mass ¥ 1350E-05 tonnes
Ship Speed ¥s 10000 mts - 1323000 MA Infinite lce Scenario Einits les Floe Seenatio
sway speed ¥y 0.0000 mts
heave speed vz 00000 mis
, A roll speed ¥rol 00000 radhs
Pitch spe whic 0004 racts
fhe OPopolv 0==85 0% ust=i on
w
Is compared to the : —
& 997 deg -
e 919 deg
. . a7 | h 225 deg h
numerical solution [ P
b 01740 rad
D b 01605 1ad contact surface
o EN g 03927 rad
and gives excellent - i
1 coordinate % 1046 m i_ice 150000 m
y coordinate u 123 m e | 250 m
ag ree me nt 2 coordinate z 0m 2 coordinate 2 ioe im Indentation Geometry
(39 Ice strength term Po 13 Mpa
a0 | Ice exponent (process P. ez -0 nd
4| Wedge angle £ 150 deg
|4z | Wedge angle £ 262 rad
lee Thickness hi £00 m
Ice flex. Strength f 065 MP3
farm factor | f 260 nd I 1
farm Fastor 2 fa 745 nd
Flesural bor limit Ft 81 M
Fles limit on pen anlim 199 m £
Normal Speed at collisio Ye_o 0202 mis A
Effective_mass for collisMé_e  ZEMEDT kg
Kinetic Energy for collisi KEe_c 200406 kg-m2isz
|81 | Eesuts
|z | penfarush) = 0807 m
‘Erusthc@ Fa 3240 MM
Impusle Fraction k_imp. 1000 e - i o 1stflex 0 — 045 —=—v_ship o7 e Pen(n)
penin) an 0607 m 3 = T oos v ice
Rormal Farce Fr 9240 1N Flex Failure i Blue 3 = Ft E ! 08
| Auerage Fressure Pav 1045 Mpa 57 —e— Fegn 5 0% —&— Wegn T os —6—Pegn
] E 03 E™
i g £
33 vidth of patch w 4581 m £ 5 =
= H faageh h 3850 m 3 5 Sos g
ime domain plots. - i
L3 £ o H
3 width of patch 2.280 2 = g 0z
| 94 | Height of patch hd 1912 1 ]
| 35 | Ad 4.360 o 2 om 01
|56 | Farce F 9.240 =
a7 | Line Load Q 4.052 o ! 2 3 * o o
3 Patch pressure Pd 2119 time [sec] [ 1 2 3 4 0 1 2 3 s
= 193 time [sec] time [sec]
‘Changes in C Yelocities
(01| Ship Speed v 00373 mis
[0z | sway speed dvy -0.0590 mis . .
W4y vl ships { 1a { 1ab { 1abs 101 { 16b { Theu xzaxszzqzdxsa,(abma.xsaxshxaaﬁﬁiﬁe/ Ve|0C|ty Penetration '

s
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Scenarios and Rules

(Example)

/Double-acting ships are intended
to encounter (break) ice going
astern

AThe strength of azipods is not
sufficient to survive hitting heavy
ice at high speeds

/Hull strength does not need to

exceed pod strength

PC Vs Po h ice sig f Cfdis

. Class m/'s Mpa m Mpa kT
&te_rn al’eaS ShOUId be deSIQned | 5.70 6.00 7.00 1.40 250.00
for |mpact scenarios at pod 2 4.00 4.20 6.00 1.30 210.00
. . 3 3.00 3.00 425 1.20 180.00
survivable speeds i not 4 2,50 2.45 3,50 110 130,00

- . : 5 2.00 2.00 3.00 1.00 70.00
necessarlly the n0m|na| |Ce CIaSS 6 1.75 1.50 2.80 0.70 40.00
speed 7 1.50 1.30 2.50 0.65 22.00

s
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Trend Analysis

Mathematical models allow exploration of the influence of factors such as
size, speed, hull form

AThis can inform decisions on absolute and relative hull strengthening
levels for new ships and services

At can also inform future research/data collection priorities

BMT Fleet Technology



Example of Exploration

Table of Inputs: Ice Floe and Ship size

Ship inputs Hull Angles and Coordinates Velocity
Ship Ship Mass Length Beam Draft Cb Cwp Cm | Alpha Gamma X y z VX
(KT) (m) (m) (m) (deg) (deg) (m) (m) (m) (m/s)
Shipl 10 123.0 20.1 5.1 0.768 0.747 0.935 23 60 47.7 5.9 0 2
Ship2 50 2104 34.3 8.8 0.768 0.747 0.935 23 60 81.7 10.0 0 2
Ship3 150 303.5 49.5 12.7 0.768 0.747 0.935 23 60 117.8 14.5 0 2
Ice Floe Size Ice Angles and Coordinates Ice Strength and Edge Shape
Crushing Ice Flexural Wedge
Ice Floe Ice Mass Length Beam Draft Cb Cwp Cm X y z strength exponent strength angle
(KT) (m) (m) (m) (m)  (m)  (m) (Mpa) (Mpa) (deg)
Icel 0.27 10 10 3 1 1 1 -5 -5 0 1.5 -0.1 1 90
Ice2 27 100 100 3 1 1 1 -50 -50 0 1.5 -0.1 1 90
Ice3 24300 3000 3000 3 1 1 1 -1500 -1500 0 1.5 -0.1 1 90
s
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Time-history plots

Table of results: Force for 3 ships striking 3 Floes at 2m/s

Small (10x10x3 m) Ice Floe
0.3

0.25

0.2

015

Force [MN]

0.1

(.05

0 0.2 0.4 0.6
Time [s]

Shipl_lcel
—— Ship2_lcel

— — Shipi_lcel

iz
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Force [MN]

Time [s]

o Medium (100x100x3 m) and Large (3000x3000x3 m) Ice Floes

Shipl_lce2
w== === Shipl_lcel
Ship2_Teel

—%— Ship2_lcel

—%— Ship3_lcel
Ship3_leed
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Example: Pressured ice scenario

A Trend analysis indicates that pressure is a greater risk for smaller
ships
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