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THE AIM OF THE PRESENTATION IS TO GIVE

AN IDEA OF HOW SHIP HULL DESIGN IS MADE

NOWADAYS

Lecture contents:

1. Mechanics of ice loading

2. Some challenges relating ice loading

3. Design point

4. Ice class rules

THE PRESENTATION IS TO INDUCE MORE

QUESTIONS THAN ANSWERS ARE GIVEN!
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ICE LOAD IS ALWAYS RELATED TO RELATIVE

MOTION BETWEEN THE SHIP AND ICE. MAXIMUM

ICE LOAD IS DETERMINED BY:

ÅBending of ice cover ïlevel ice, consolidated ridges

ÅDisplacement of ice pieces ïimpact with distinct floes

ÅCrushing of ice edge 
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Dynamic bending of the

ice plate, with hydrodynamic

support; the basic physical

question!
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The collision force

determination requires

solution of 6DOF

equations of motion

The problem is that all motion

quantities are unknown as well as

the contact force. E-of-M give as

many equations as there are

Degrees of freedom so one more

equation is needed; the kinematic

condition.
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ACTION OF COMPRESSION ON SHIPS

Compression is a major hazard for shipping
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THE CHALLENGES IN DETERMINING THE ICE LOAD:

ÅThe total load in many impacts is difficult to determine

ÅThe load patch dimensions interact with

the total load and are dependent

on ice edge geometries

ÅThe ice pressure is not

a material constant

ÅEvery structural element

is sensitive to different

ice load parametres
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THE QUANTITIES TO DESCRIBE ICE LOAD

Ice pressure p

Total force F

Constant or dependent on contact area or é

The force acting on ship hull at one ice load

event F = p·hc·L

hc load heigth

L load length

Todellinen alue, jolla jääpaine vaikuttaa

hc

L

Idealisoitu kuormitusalueActual load patch Idealized load patch
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THE ICE PRESSURE

1. Constant ice pressure

Uniform ôKorzhavinô pressure

proportional to compressive strength

or

hydrodynamic Kurdjumov-Kheisin

pressure

z

x

hc

h

pressure ~ ůC

Height and length ?

ARCTIC OIL AND GAS OPERATIONS 2009 Kaj Riska 10.3.2009 



6

2. Pressure ïarea curve

Nonuniform pressure resulting from

ôhot spotsô or some other effect

pressure = f(A)

A=h·l,

height and length ?
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3. Line-like concentration of pressure

Location of the 

next flake

Previous flakes

Pressure concentrated on a narrow line

created  by crack formation process

Load intensity q (empirical)

Load length ?

Medium scale indentation

tests at Hobsonôs Choice

ice island
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