
A study of the changes in freeboard, stability and 
motion response of ships and semi-submersible 

platforms due to vessel icing

General information about the 
University of Stavanger

Introduction

Methods
The purpose of this thesis was to reveal whether or not the realistic 
amount of ice accumulation on vessels could result in hazardous 
situations due to the decrease in freeboard and stability, with a spe-
cial focus on the Barents Sea.

Another aim of the thesis was to discover and compare the 
different results from several types of vessels. Therefore four 
different vessels were analysed; a fishing boat, a platform supply 
vessel, a drillship and a semi-submersible drilling platform. 
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What is vessel icing?
 
There are essentially two main categories of vessel icing; atmospheric icing and sea-spray icing. The 
atmospheric icing consists of freshwater and is a result from precipitation and lay upon the vessel in the 
shape of snow, moisture, snow or freezing rain. The sea-spray icing is produced by the breaking waves 
against the vessels hull, which is the main source of ice accumulations on offshore vessels.

Why is it dangerous?
It can reduce the freeboard, raise the centre of gravity and increase the rolling moment that can lead to a 
decrease in the vessel`s stability. The vessel can capsize if there is too much decrease in stability.
Vessel icing can also causes other hazardous situations such as slippery surfaces, it can destroy or deteriorate the 
fire and rescue equipment, communication equipment, and more.

When does it occur?
It is generated under environmental conditions with strong winds (usually 9 m/s or more), cold air temperature 
(generally lower than - 2 °C) and low sea temperature (7°C or colder).  
 

Where does the ice accrete?
On ships, usually most of the ice accretes on the house and in the middle, which can be seen on the figure to 
the right. On semi-submersible platforms, the sea spray ice will typically lay upon the bracings, legs, 
mooring chains, marine riser, kill and choke lines, in the splash zone from five to seven meters above the 
water. Under extreme conditions sea spray icing could also probably coat portions of the deck. The sea-spray 
icing event also often occurs together with snow, which accretes on the horizontal surfaces of the rig causing 
even more problems.

The University of Stavanger has been welcoming students 
from all over the world since it was established in 2005. It 
has about 9200 students and 1300 employees. The UiS is also 
privileged to have a number of research institutions in the Uni-
versity’s immediate vicinity. 

The University of Stavanger has established a research and 
educational basis in oil and gas technology that has attracted 
students not only from Norway, but from many other parts of 
the world. The two-year Master of Science Programme in Off-
shore Technology is designed to meet the growing demand for 
skilled professionals in the offshore industry.

In the MSc Marine and Subsea Technology programme, the 
student gets advanced knowledge about systems and opera-
tions related to marine and subsea technology. The students 
get specialized insight in systems and operations by combin-
ing basic mechanical engineering subjects and marine technol-
ogy.

These students also have the opportunity to learn more about 
the Arctic and the cold climate. There is also an opportunity 
for students to participate in course work at UNIS on Sval-
bard, or to take an elective course about arctic technology.

Assumptions were made regarding where the ice probably would accrete on the vessels, and where the maximum ice accretion would be, 
which is shown in the figures below. These assumptions were made by previous observations of vessel icing. 
 
There were two types of calculations performed; (1) an analysis of a case where the maximum ice thickness of 225 mm, and a constant ice 
thickness of 300 mm to study the change due to icing, and (2) a parameter study to investigate the required thickness of sea-spray ice for the 
vessels to no longer meet the DNV´s stability requirements.  
The amount of ice used in the analysis were assumed to be a possible situation for the Barents Sea, given by 
previous data on ice accretion in this area.

The results from the freeboard, intact stability, righting arm and heeling angle from the calculations 
are shown in the table below.

Results

The motion response in heave, pitch and roll have been calculated for all four vessels for the purpose 
of discovering the impact the ice will have on the vessels motions. The pitch and heave motions was  
calculated for three different situations, when the waves are in the directions of 0°, 45° and 90° of 
the vessels. Two situations was calculated for the roll motions, which are when the waves are in the 
direction of 45° and 90° of the vessels.

The calculated results of the heave and pitch translation will be at the point of where the displace-
ment are at the greatest. This means that these displacements will occur at the stern and the bow of 
the ships, and for the semi-submersible these displacements will occur at the two ends of the longest 
deck.

A summarization of the calculated results for the vessels motion response are shown in the table 
below.

In the parameter study, it was proven that the smallest ship, Lady of Grace, was most likely to loose 
its freeboard and stability. The boat needed a sea-spray ice thickness of 730 mm to loose its free-
board, and a only a sea-spray thickness of 310 mm to loose its stability. Note that we have not ac-
counted for icing on equipment located above the pilothouse, which will decrease the stability fur-
ther. It is assumed that this boat had a ballast of 100 ton, and if it would have more than this, the 
stability would be better. However, if the boat had more ballast, the freeboard would be less, and 
could then become the critical factor. A value of 310 mm of sea-spray ice can be considered as a 
probable situation that can occur in the Barents Sea. The reason for this opinion is that there have 
been incidents where the total ice thickness on deck has reached as much as 1000 mm.
 
The Viking Fighter vessel needed as much as 1.63 m of sea-spray ice and 2.95 m of sea-spray ice in 
order to no longer fulfil the minimum freeboard and stability requirements. These vast amounts of 
sea-spray ice are considered as highly unlikely to occur in the Barents Sea, or in the Arctic. 
The DrillMax Ice vessel, which is much bigger than the Viking Fighter vessel, needs an amount of 
11.39 m and 8.35 m of sea-spray ice to no longer fulfil the freeboard and stability requirements, re-
spectively. These amounts of ice are so large that they also are considered as highly unlikely to oc-
cur. 

The parameter study also revealed that the semi-submersible rig, West Alpha, needed amounts of 
4.18 m and 4.67 m of sea-spray ice in order to no longer fulfil the freeboard and stability criterions, 
respectively. These amounts of sea-spray ice are also considered as highly unlikely to occur. How-
ever, it was calculated in the analysis that there would be a significant change in the freeboard and 
stability for the rig. In the analysis it was used a thickness of 30 cm on the deck, a thickness of 10 
cm of ice on the derrick due to atmospheric icing, and a thickness of sea-spray ice of 22.5 cm on the 
columns and a portion of the deck. The freeboard changed from 12.0 m without the ice to 8.75 m 
with ice, which is a reduction in freeboard of 3.25 m. The stability was changed from 3.06 m with-
out the ice to 2.44 m when the ice was included, which is a reduction in stability of 0.62 m.

Discussion
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