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1.  The image below is of the Sydney NS ferry harbor in winter. Divide the water into regions 

and give an egg code for each (about 4 egg codes). 

  [10]  
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2.  The photograph below was taken near the North Pole in 2004.  Describe the ice feature in the 

photo. Estimate both the height (in air) and depth (in water) of the feature (use the people for 

rough scale).  Sketch a possible cross section of the ice below the people.  [10] 
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3. Natural ice  [10] 

 

 Examine this image closely. It’s an image of ice taken by Satellite. Describe the various features you 

see, with reference to the type, condition or other aspect of the ice. Seven numbers are on the image. 

You can use the numbers to help organize your description. (ie Tell me what you see, and what it 

means!) 
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4. Ice Growth [10] 

 

 The air temperature is minus 20°C at night with a light wind blowing. The ice on a lake is 

10cm thick. There is a 3cm snow cover. The snow has a thermal conductivity of 0.2 W/m/°C. 

How much will the ice grow in one hour?   

 

 

 

 

 

 

 



Mid-Term Exam, 8672 – Ice Engineering    page 6/8 

5. Ice Loads  [10] 

Think of a fixed offshore structure, something like the Hibernia GBS, but sitting in the Beaufort 

Sea. Discuss how Croasdale’s limit load concepts can be used to help determine the design load.  
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Formulae 
 

Table 1: Physical Properties of Fresh Water Ice 1h at 0°C 

Density 917 kg /m3  

Melting point 0°C  

Specific heat (heat capacity) 2.01 kJ / kg /°C 

Latent heat of fusion (or melt) 334 kJ / kg 

Thermal conductivity 2.2 W / m / °C 

Linear expansion coefficient 55·1O-6 / °C 

Vapor pressure 610.7 Pa 

Refractive index 1.31 

Acoustic velocity 

     longitudinal wave 1928 m/s 

     transverse wave  1951 m/s 
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Where Q is heat flux in W/m2,  ki is thermal conductivity in W 

/ m / °C, hi is the ice thickness in m and T is the 

temperature difference across the ice sheet. 
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Where t is time, and i is density of the ice.  

the standard growth equation: 
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Converted to freezing degree days: 

 FDDhi 037.     [m] (7) 

A more practical estimate would be found with the following 

equation (Cammaert and Muggeridge, 1988); 

FDDhi 025.     [m] (8) 
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where T is temperature (C ), S is salinity (ppt)  and vb is the 

brine volume ratio.  

 

Strength has been empirically related to brine volume as 

follows: Peyton (1966) proposed Cook Inlet (south of 

Alaska):   
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Frederking and Timco (1980) report Southern Beaufort Sea:     

 












 


33
124 b

   (16) 

Peyton (1966)  suggested the following mean (regression) 

values for tensile strength: 
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The four point bending test is a lab test conducted with a 

machined (or at least cut) sample of ice. The strength 

value from such a test is; 
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The cantilever beam test.  In the simplest case the flexural 

strength is found from the formula; 
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1.1 Beam on Elastic Foundation 
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Where v is deflection, EI is the beam stiffness and k is the 

foundation modulus. For water density  and beam of 

width w, k = gw. For later convenience we define a 

term called the characteristic length ; 
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To find the influence of the water foundation, the solution of the 

differential equation (eqn 23) is needed. For the case of a semi-

infinite beam, with an end load P, the solution of the system is; 
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The maximum bending moment occurs at a distance xc from the free 

end:  
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Which for typical ice properties is; 
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For a concentrated load the solution is; 
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This can be re-expressed as a bearing capacity that as; 
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Korzhavin 

cice kmIp   (70) 

Where  

I  - indentation (confinement) factor, say 2.5 – 3.0 for narrow 

indentors 

m - shape factor (above) 

k - contact factor (starts at 1 for full contact and drops to .6 with 

loss of contact for spalling) 

c – uniaxial crushing strength 

 

Seaki’s force equation can be converted to show that effective 

pressure decreases with contact width; 
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kinetic energy (KE): 
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em  is the ‘effective’ mass 

nv  is the  ‘normal’ velocity 

crushing energy (IE): 
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)cos(sin  cNH  (77) 
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The tensile stress in the ice is; 
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t

H
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Combining the above and letting tL 10  gives; 
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Therefore, the vertical, horizontal and normal forces (per unit 

width), become;  
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A purely vertical load causes failure at a load of; 
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The ratio of the Nc force to Vvert is;  
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The net forces applied to the ice are;  
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Again using equations (79) and (80);  
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This can be rearranged to give the required vertical force to 

cause flexural (tensile) failure in the ice: 
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With (87), the required normal force Nc is; 
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Figure 1. Influence of strain rate on uniaxial 

strength.  

 

Figure 2. Compressive strength of Beaufort Sea 

ice.  

 

 

 

 


