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Goal & Solutions Steps

Goal

To develop a numerical solver capable of simulating 
ship breaking through an ice ridge

Solution Steps

• Ice ridges

• Discrete Element Method

• Software development

• Validation & Results

• Conclusions & Proposals
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Ice ridges

Source: https://www.youtube.com/watch?v=9vJ3QkRCuPs
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• Dimensions

• Configuration of ice ridge

Ice ridges

Source: Ship Breaking Through Ice Ridges by D.Ehle



5Ice ridges DEM Software 1 Results ConclusionsSoftware 2 Software 3

Discrete Element Method

Application in:

 Soil mechanics

 Rock engineering

 Geophysics

 Mineral processing

 Powder metallurgy
Source: http://www.metariver.kr/

DEM – numerical method for calculation of motion 
of large number of particles
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Discrete Element Method

Application in:

 Soil mechanics

 Rock engineering

 Geophysics

 Mineral processing

 Powder metallurgy

DEM – numerical method for calculation of motion 
of large number of particles

Discrete 
Elements

 Ice-related

simulations?
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Discrete Element Method

Program start

Initialization of elements
Graphical output 

(initialized simulation domain)

Update bounding boxes

Update elements

Update neighborhood list

Compute forces and torques

New position

t = 0 + dt

𝜐1 𝜐3

𝜐2

Time increment

Graphical output, velocity and 

acceleration output

Program End

𝜐1

𝜐3

𝜐2

t = 0

t = 0 + dt

Contact



8Ice ridges DEM Software 1 Results ConclusionsSoftware 2 Software 3

Discrete Element Method

• Ice ridge as an assembly of discrete elements

• Ship as a discrete element with special features
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Introducing ship hull into simulation 

VERT_COORD
vertex index 1 → 4

FACE_EQUATION
face index 1 → 4

FACE_VERTEX_TABLE
face index 1 → 4

VERT_FACE_TABLE
vertex index 1 → 4
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Quaternions & Spatial Orientation

𝒒 = 𝒘 𝟏 + 𝒙𝑰 + 𝒚𝑱 + 𝒛𝑲

𝑰 ∙ 𝑰 = −𝟏 𝑱 ∙ 𝑱 = −𝟏 𝑲 ∙ 𝑲 = −𝟏

𝒘 = 𝒄𝒐𝒔
𝝋

𝟐
𝒄𝒐𝒔

𝜽
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𝝋
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𝝋
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𝜽
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𝝋
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𝜽

𝟐
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 𝑟 = 𝖖 𝑟 𝖖∗

Definition of quaternion 
components:

4464 vertices

3908 faces 
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Ship Buoyancy and Propulsion
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Ship Buoyancy and Propulsion

Contour lineCutting plane
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Ship Buoyancy and Propulsion

𝐴𝑖 =
𝑉1𝑉2 × 𝑉2𝑉3

2

𝐴 =  

𝑖=1

𝑁∆

𝐴𝑖V =
ℎ

3
1 ∙ 𝐴𝑟𝑒𝑎1 + 4 ∙ 𝐴𝑟𝑒𝑎2 + 1 ∙ 𝐴𝑟𝑒𝑎3

Gift wrapping algorithm Cross sectional area

Simpson’s First Rule integrator

𝑀 = 𝐹𝑏 × 𝐺𝐵

Buoyancy restoring moment
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Ship Buoyancy and Propulsion

Ice ridges DEM Software 1 Results ConclusionsSoftware 2 Software 3
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Equations of Motions
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• Rectilinear degrees of freedom

𝑭𝒊 = 𝒎 ∙  𝒗𝒊

• Rotational degrees of freedom

𝑑2𝖖

𝑑𝑡2
=
1

2
 𝜔𝖖 +  𝖖𝜔
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Predictor – Corrector Numerical Solver

Ice ridges DEM Software 1 Results ConclusionsSoftware 2 Software 3

• Rectilinear degrees of freedom

1. Predictor step

𝒓 = 𝒓 +  𝒓𝒅𝒕 +  𝒓
𝒅𝒕𝟐

𝟐
 𝒓 =  𝒓 +  𝒓𝒅𝒕

𝖖 = 𝖖 +  𝖖𝒅𝒕 +  𝖖
𝒅𝒕𝟐

𝟐
 𝖖 =  𝖖 +  𝖖𝒅𝒕

• Rotational degrees of freedom

𝒓 = 𝒓 + 𝒄𝟎𝚫  𝒓
 𝒓 =  𝒓 + 𝒄𝟏𝚫  𝒓

𝖖 = 𝖖 + 𝒄𝟎𝚫  𝖖

 𝖖 =  𝖖 + 𝒄𝟏𝚫  𝖖

 𝖖 =  𝖖 + 𝒄𝟐𝚫  𝖖

2. Corrector step

• Rectilinear degrees of freedom

• Rotational degrees of freedom
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Forces Calculation

G
G

Elastic

Cohesion

Friction

Drag

Buoyancy

Gravity
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Hanging non-convex ship hulls

• Translation

• Rotation
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Lindqvist ice resistance theory

Level ice 
resistance

𝑹𝒊𝒄𝒆 = 𝑹𝒄 + 𝑹𝒃 + 𝑹𝒔

Source: Simulation of ice Management Operations by Q. Hisette
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Visualization
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Simulation
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Simulation
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Validation: ridge 1



Conclusions

• Flexible software for ship breaking through an ice ridge

• DEM is suitable to model ice/hull interaction

• Calibration of forces models and validation is required

Proposals

• Computational speed

• Level ice resistance

• Development towards brash ice, ice floes, etc.

Conclusions & Proposals
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