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Laboratory tests were conducted to study dynamic interaction processes between a drifting ice 
sheet and a conical offshore structure. Conventional test techniques were used to study the ice 
failure process due to upward and downward breaking cones. In addition, a novel motion 
capture system was applied to measure the bending deflections of the ice sheet. Test results 
will be used to calibrate models on ice loads on fixed and compliant cones. The main reason 
for this kind of modeling is the field observation that conical structures may vibrate in some 
conditions while vibrations are not a problem in other conditions. In addition, new data was 
collected to clarify the speed effect, which is under discussion among experts on ice loading. It 
has been proposed the speed effect arises due to dynamic ice-water interaction. Therefore, 
extensive experiments were done on this phenomenon In addition, the feasibility or a new 
technique for ice load mitigation can be assessed by the new data acquired.  
 

1. BACKGROUND AND OBJECTIVES 

This paper addresses offshore structures that have a cone at the waterline to reduce static and dynamic 
ice actions. Quasi-static and dynamic tests were conducted in the HSVA Arcteclab under the project 
HYIII-HSVA-G4. The general objective was to collect new data for the design of such structures. 
Four specific objectives are described as follows.  

Dynamic ice actions on conical offshore structures are not fully understood at present. Structures 
with narrow cones experience vibrations in the Bohai Sea (Yue et al. 2006, Dalane et al. 2008) while 
other structures with wider cones have behaved better in the Baltic Sea and in the Canadian arctic 
waters. Therefore, the first specific objective was to study how the width of the cone influences the 
dynamic ice actions. Both up- and downward breaking cones were considered.  

The peak values of time-varying ice actions are believed to depend on the ice speed (Dempsey et 
al. 1999; ISO/DIS 19906). It has been proposed that speed effects may arise due to three-dimensional 
hydrodynamic effects in shallow waters. A theoretical model is being developed for this phenomenon 
(Lubbad et al. 2008). Accordingly, the second specific objective was to obtain data for the 
development of such a model. Another explanation for the speed effect relates to the ice-ride-up 
process. Data for this option was also collected.  

The third specific objective was to study the possibility of mitigating ice actions by using a 
compliant cone. The idea here is to create mechanical compliance between the structure and the cone, 
such that the motion of the cone enhances the failure of ice sheet acting on the structure (Mróz, et al. 
2008).  

Finally, the research team also needed data about ice actions on floating structures that have a 
downward breaking shape at the waterline. The test set-up with a compliant cone was used for this 
purpose.  
 
2. TEST PROGRAMME 

Tests were carried in the large ice basin of HSVA Arcteclab. Three different cone models were used in 
these tests. The first tests were conducted with a small, upward breaking cone. This cone had a 
waterline diameter of 0.61 m and the cone angle was 60o from the horizontal (Fig. 1). Figure 1 shows  
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reflecting sensors installed in a grid at the ice surface. These sensors are a part of an optical motion 
capture system, Qualisis, hat was used to measure the vertical deflections of the ice sheet.  

 

 
Figure 1.  Ice failure on a narrow model cone. 

 
Time-varying deflections and the associated propagation of bending waves were measured to 

provide data for models of dynamic ice-water interaction. The reflecting sensors were installed on a 
plastic sheet that was moving on the ice sheet at the same speed as the carriage, which was used to 
push the cone against the ice sheet. In addition, six pressure sensors were installed on a frame, which 
also was fixed onto the carriage, under the water surface. Accordingly, the pressure sensors were 
moving underneath the ice sheet to measure pressure fluctuations arising due to the ice-water 
interaction.  

Figure 2 shows a wide cone model interacting with the ice sheet. The waterline diameter of this 
cone was 1.36 m and the cone angle was 60o.  

 

 
Figure 2. Ice failure process on a wide model cone. 

 
Mróz et al. (2008) propose that performance of a cone can be enhanced by making it compliant in 

a specific way. This option was studied by a downward breaking cone that is shown in Fig. 3. In this 
case, an additional compliant element was installed between the cone and the carriage.  
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Figure 2. Compliant cone acting on an ice sheet. Waterline diameter 1.36 m 

and the cone angle 60o, downward breaking.  
 
Tests were conducted on six ice sheets that were grown from salt water using the standard 

procedures of the HSVA Arcteclab.  The target values of the ice thickness and flexural strength were 
30 mm and 50 kPa, respectively.  

 
3. RESULTS 

The test laboratory had recently acquired a new data acquisition system that can be used to perform 
wireless measurements on moving objects. This project made extensive use of this system by 
measuring the deflections of the ice sheet. Practical difficulties were first encountered as the data 
acquisition facility was brand new. However, very useful results on the hydrodynamic ice-water 
interaction were obtained due to sequential improvements in the test set-up.  

Tests were done at several indentation speeds. The raw data on ice loads shows that the peaks of 
the ice action increase strongly with the speed. Calibration data of the test set-up were acquired so that 
the contributions due to water drag and the dynamic magnification can subsequently be considered.  

The time signals on ice load and the cone response were supplemented with video records and 
photos, which show all details of the ice failure process as well as the ice ride-up and clearing.  

Tests with the wide downward breaking cone showed that the ice loads were significantly lower 
than predicted by the well-known model by Ralston. This result will probably call for modifications in 
the model concerned. During the tests the low level of ice actions posed problems for the tests with the 
compliant cone. The project solved this problem by increasing the buoyancy forces on the test 
structure. Accordingly, successful results were obtained also for the compliant cone.  

Video records and plenty of photos were taken of the ice failure process. An initial analysis of 
these results indicates that bending failure often occurred only partially along the ice-structure contract 
region. This is in contrast with the main assumption of many calculation models. Namely, those 
models usually assume a complete and simultaneous bending failure occurs in front of the cone. 
Accordingly, we have a tentative explanation for the difference between model predictions and the 
force measurement.  
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