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The tank model tests of iceberg towing have been carried out in scale 1:40 in the ice tank at 
Hamburg Ship Model Basin (HSVA), Germany. Two different iceberg models were used and 
each towed in four different ice concentrations. From all tests, tow line forces, iceberg 
displacements and rotations were recorded. It was concluded that towing in 5/10 (=50 %) sea 
ice concentrations and higher were not realistic due to high resistance. During the tows in high 
concentrations, ice was breaking in flexural mode, crushing, rafting and ridging continuously 
in front of the iceberg models. With respect to the tow line, the line was fully extended and 
lifted up from the water/ice. In real operations this may increase the risk for tow line rupture 
and subsequent “snapping”. In 5/10 ice concentration, total loads in the tow line will most of 
the time be lower than maximum bollard pull for powerful diesel electric icebreakers 
indicating that towing up to this concentration may be feasible. However, tow lines will have 
to resist even the highest peak loads during a tow and it is unclear whether sufficiently strong 
tow lines can be produced. With respect to tows in 2/10 concentration and open water, loads 
are significantly lower indicating that towing in low ice concentrations should be feasible.  
Measured loads seem to be reasonable well described by a log-normal distribution. The 
concentrations of surrounding sea ice is found to be most important for the load magnitude 
while variations in speed, acceleration, course and iceberg shape seem to be less important.  
A log-normal distribution, in which the parameters are functions of the sea ice concentration, 
has been fitted to recorded data. Combined with information regarding expected tow length, 
this distribution may be applied in order to provide crude estimate on extreme loads during an 
iceberg tow. By performing additional model tows in different ice conditions and with larger 
variations in iceberg size, this model may be further developed to be applicable in a wide range 
of scenarios. 

 
1. INTRODUCTION 

Icebergs may cause a threat to installations, vessels and operations in a number of Arctic and Antarctic 
regions. If icebergs are detected and considered to be a threat, it has been documented that they can be 
deflected into a safe direction in approximately 75% of the events (Rudkin et al., 2005). The preferred 
method for iceberg deflection is single vessel tow rope ( 
 
Figure 1). 

While all successful iceberg towing operations so far has taken place in open water, future oil and 
gas developments are expected to take place in regions with occurrence of icebergs embedded in sea 
ice. The possibility to manage icebergs in such conditions will contribute to increased safety in future 
operations. The potential for handling icebergs in sea ice may also directly influence the design of 
offshore structures in Arctic waters.  

In order to investigate the feasibility for iceberg towing both in open waters and in waters prone to 
sea ice, a number of iceberg tow tests were carried out in the large tank of the Hamburg Ship Model 
Basin (HSVA). This paper present a brief description of the test set up and highlights the most 
important results.  
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Figure 1. Illustration of a single vessel, iceberg tow operation (after McClintock et al., 2007) 
 

2. MODEL TESTS 

The model tests were conducted with a geometrical scaling of 1:40. In order to ensure correct ratio 
between inertia forces and gravity forces, Froude scaling was applied: 
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where vm and vf is the velocity in model scale and full scale respectively, g is the gravity and Lm 

and Lf  is the iceberg length (diameter) in model and full scale. It should be noted that it was not 
possible at the same time to achieve the same Reynolds number in model and full scale. 

Two iceberg models were made by building wooden shapes (rectangular and cylindrical) and 
filling these with fresh water ice pellets. These shapes were thereafter filled with fresh water and 
stored in the ice tank for a few days. When the ice was frozen into solid blocks, the wooden forms 
were removed and the models were ready for use. Table 1 show the model specifications. 

In total, three ice sheets were prepared during the test period. Tests were conducted with both 
models in 8/10, 5/10 and 2/10 ice concentrations plus open water. The average ice thickness was 30 
mm corresponding to 1.2 m in full scale.  

A 4 mm Liros Dyneema TM rope corresponding to 16 cm in diameter in full scale was used as the 
main part of the tow rope. The other part was consisting of a 3 mm steel cable simulating a 12 cm 
diameter steel hawser in full scale. Load cells were attached both at the tank carriage and at each of the 
two tow line branches (Figure 1). Iceberg motions were recorded by a QualiSysTM motion system.  

For each iceberg shape and ice concentration, two different tow types were tested; one linear test 
including an acceleration phase and one test were a change in tow course was simulated. 

 
Table 1. Initial volume, mass and density of iceberg models 

Shape Volume [m3] Mass [kg] Density [kg/m3] 
Tabular 1.99 1784.7 898.6 

Cylindrical 1.85 1637.2 887.0 
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3. RESULTS 

The recorded tension in the tow line showed that the loads are highly stochastic (Figure 2). Further, it 
was found that the loads were strongly affected by the sea ice concentrations while other parameters 
such as acceleration, velocity and iceberg shape were of less importance. In 8/10 ice concentrations, 
the resistance a tow vessel has to overcome will be significantly higher than even the most powerful 
icebreakers can manage. In 5/10 ice concentration, the average tow loads are of same magnitude as 
can be provided by the most powerful icebreakers. Towing of icebergs in concentrations up to this 
level might be possible but leads to high peak tensions in the tow lines (11 MN) and is not considered 
as realistic. Tow line loads in lower ice concentrations and open water are significantly lower and 
should be feasible. However, even when the ice concentrations are low, the tow rope will experience 
significant wear caused by the ice floes, and there is an increased risk for tow line rupture. 

 
Figure 2. Time series plot of total loads recorded during tow of cylindrical model in 8/10, 5/10, 2/10 

ice concentration and open water. 
 

With respect to motions, pitch and roll were negligible and stability was not a concern. The static 
friction between tow rope and iceberg was relatively high thus change in the tow direction would also 
cause a yaw motion of the icebergs. With respect to surge, such movements are clearly dependent on 
the sea ice concentrations. Icebergs towed in 8/10 ice concentration will experience very little surge 
movements simply because all drift is rapidly stopped by the surrounding sea ice floes. In open water, 
icebergs will keep a momentum straight ahead even after a course change and the sideways 
displacements (sway) will be more significant than in the sea ice. Heave motions were negligible.  

It was found that tension loads in the tow lines may be well described by a log-normal distribution 
function. Based on the recordings from the tank model tests, empirical expressions for the parameters 
in the log-normal distribution were proposed (Eq. 2). 
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where T is the tension load in the steel hawser [kN] and C is the sea ice concentration in %. μ and 

σ are the mean and standard deviation of the variable’s (T) natural logarithm. Figure 3 shows the 
probability distributions for tension loads in various sea ice concentrations and open water. The 
highest loads during an iceberg tow can be estimated based on the load distributions and expected tow 
durations. This is demonstrated in the following example: 
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2/10 ice concentration, 6 hour tow 

 
From the model tests, it was found that there are 2856 load peaks per hour when towing in 2/10 ice 
concentration. 

( )
N
1TP1 max =−    

h 6 during peaks == 171366·2856N  
Tmax is the maximum load during the tow and since the loads are log-normal distributed with the 
parameters given in Eq. (1), we get: 
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where Φ is the standard normal distribution. By using the inverse normal distribution we get: 
( )
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From Eq. (2) with 2/10 ice concentration we get μ = 5.11 and σ = 0.59. 
Solving Eq. (4) with respect to Tmax gives the maximum tow load during the entire tow: 
Tmax = 1 614  [kN] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Smoothed log-normal distributions representing tow loads in various ice concentrations. 
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