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Observations on the Modeling of Ice FloeInteractions with Seakeeping Software 
Sean Kery, Logan Wilt, CSC 

Abstract 
An investigation of the capabilities of a suite of seakeeping software to model the 

interactions of ice floes and icebreaking hull forms was initiated, as part of a wider investigation 
into arctic operations.  The sea keeping behavior of a systematic series of ice floes with 
variations in area extent and thickness, acting alone and in groups is analyzed and presented. 

This investigation focuses on developing a methodology that can be used in the preliminary 
and later stages of ship design for ice infested waters. A number of sensitivity studies were 
performed that explore the limitations and features of the several software packages available to 
the authors. 

Introduction 
This paper is organized into several distinct but related parts. 
• Linear ship motion theory Response Amplitude Operators (RAOs) are developed for 5 

different sizes of ice flow and for 5 different thicknesses for a 10m square flow.  This 
utilizes the WADAM panel code model described more completely in the appendix. 

• The statistical responses of these ice floes to typical waves is investigated and described. 
• A non-linear WASIM panel code model that uses exactly the same input panelization as 

the WADAM model, was used for a range of wave azimuth conditions to create 
comparable data.  This modeling also allows the 3 axis shear and bending stresses on the 
floe due to waves to be evaluated in a non-linear time series. 

• Two patterns of multiple floes with leads between them were modeled in the WADAM 
model and summary responses to waves along a sample transect through this ice field 
were modeled. 

• A notional vessel reinforced to ABS Baltic Ice Rules, class 1A was placed into an ice 
field in the OrcaFlex model and run with forward speed through the ice to see if 
icebreaking can be easily simulated. 

The paper then summarizes the findings of the various component studies, and concludes 
with a discussion of plans to expand this modeling capability in the future. 

Data Availability 
The linear and non-linear motions, shear stresses and bending moments data developed for 

these ice floes is available to other investigators to support other studies.  Interested parties are 
invited to contact the authors at skery@csc.com.  

Interactive models of the data are also available at Tableau Public. 
https://public.tableau.com/profile/logan.wilt#!/vizhome/IceFlowInteractions/Observations 

Data containing specific ship information cannot be shared due to the proprietary hull form. 
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Figure 5: Single Floe Wave Response Motions Variation with Extent Shown in a Tableau Lollipop Graph 

Figure 5 shows the same data as in figure 4 expressed in Tableau as a lollipop graph.  The 
Tableau version has a slider and dial that allows the viewer to scan across different lengths of 
time between wave crests, significant wave heights, and headings, which allows for investigating 
the effects and interactions of multiple variables.  Unfortunately paper publishing technology 
does not allow the inclusion of such animations at the current time. 
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Discussion 
This broad study began with the question of what aspects of ice floe motions and ice 

breaking can be handled using existing, well validated, commercial off the shelf (COTS) 
software.  The systematic exploration described in this paper explores the overall modeling space 
at a minimal level.  The range of COTS software packages includes many others beyond those 
that were on hand to support this effort.  The sizes, shapes and mechanical properties of the ice 
floes were represented by 2 crossings through the broader parametric space.    

 The results produced seem reasonable within the known limitations of the software.    
• Larger heavier vessels move less in waves than smaller lighter vessels and the ice floes 

show a similar behavior. 
• For a symmetrical square shape there is not much difference between the pitch and roll 

behavior when the relative angle behavior is accounted for by shifting the pattern 90 
degrees in azimuth. 

• For the heave degree of freedom, the ratio of response to input wave height goes to one at 
long wave periods which makes physical sense. 

The absolute and detailed accuracy of any of the results would require available field data, 
which the software could try to replicate, and at this time that data is not available. 

For modeling a ship breaking ice, there is a limited amount of data available in the technical 
literature that could be used in a verification effort.    

Future Possible Modeling Efforts Available Using This Software. 
In many ways, this broad survey has only touched the surface of what the various existing 

software packages can do with respect of ice modeling and ice breaking. 
So far the ice floes have been treated as a rigid body.  The WASIM and WADAM packages 

have the ability to integrate with a commercial finite element software package where it is 
probably possible to allow larger floes to dynamically deflect.  That would require a bit of a leap 
of faith in that the material properties of the ice would have to be treated as at least piecewise 
isotropic.  When these codes are used with a detailed ship model the local strength and stiffness, 
which vary with the construction details, are part of the model and so it would be for the ice.  
The wide range of ice strength parameters available would suggest a variation of parameters 
approach. 

A model of wave damping by ice flow thickness and distance in from the ice edge as a 
function of wave modal period and water depth would be relatively straight forward to achieve, 
but data for verification would greatly benefit the validity of the outcome. 

The OrcaFlex model offers many different possibilities. 
MacAyeal et al 2006 describes the breakup of an enormous ice sheet off of Antarctica due to 

waves that originated from a storm in the Gulf of Alaska, half a planet away. 
OrcaFlex objects can be joined by hinge joints with tension and compression links 

represented as a force vs displacement and damping vs velocity curve fit.  A network of these 
could be used to model the flexure of large ice sheets due to waves.   

Many more than 15 objects of arbitrary shape can be placed in OrcaFlex with realistic 
buoyancy and freeboard and with body on body elastic collision modeling enabled.     
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• This could be used with the WADAM RAO’s or data from other programs to show green 
water washing across the top of ice floes. 

• The body on body collisions as waves or icebreaker or wind or current induced floe 
motions cause them to grind or strike together, can be modeled and the forces and 
moments can be easily extracted from the resulting non-linear time series. 

• OrcaFlex can model one ice floe riding up over the top of another.  The interbody friction 
coefficients can be adjusted to make them slip back off or stick there. 

• The act of the Titanic or other vessel striking due to any kind of a blow on an iceberg are 
only limited by the lack of geometry and mechanical property information for the 
iceberg. 

• OrcaFlex does not have a native capability to model short crested waves, but it can be 
done by entering the wave components one by one, each with their properties of 
amplitude, spectral period and direction of travel.  WASIM allows long crested or cosine 
spreading to be modeled. 

• OrcaFlex and WASIM both allow the superposition of multiple wave trains to simulate a 
sea and a swell coming from different directions and interacting with the object of the 
study.  Both can also handle an Ochi-Hubble 6 parameter spectrum as well as other 
standard spectral forms.  NOAA/NDBC wave buoy spectra have been successfully 
modeled in OrcaFlex on past projects to represent the spectrum present at a specific place 
and time as recorded by the buoy data. 

• The motions of ice floes due to wind forcing can be modeled at least to the extent that a 
realistic input of boundary layer physics, wind drag on the ice upper surface and motion / 
current induced drag on the bottom of the ice can be developed. 

o Information on the drag coefficients for large scale ice sheets due to wind are 
unknown to the authors, but the Shoenherr line for a flat plate can probably 
provide some reasonable guidance.  Lewis et al (1988) 

o This can be used with the aforementioned hinge joints and body on body contact 
to investigate the formation of pressure ridges at least to some degree. 

• The OrcaFlex software allows the user to put in bottom contours to some level and 
include some level of sediment properties.    

o It is probably possible to model waves acting on shorefast ice, or the shear and 
impact of moving ice acting on shorefast ice. 

o It is possible to show the keel of an iceberg dragging on the bottom.   
o It may be possible to show the effect of rising and falling tides on shorefast ice 

and near shore or shallow water ice. 

Closing Comments 
The initial question was; “Can COTS software used in the ship design and offshore energy 

industry be used to effectively model ice on ice and ice on ship interactions?” 
The answer as developed in this paper is a resounding YES. 
The software discussed can model fresh or salt water with a trivial change in the setup 

parameters so that was not discussed in any detail. 
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There are a vast number of studies that could be conducted from this data pond, and from this 
software at some level of accuracy to form a basis of further deeper investigations.  The authors 
are willing to share the data developed so far that does not contain ship information with other 
investigators and to provide guidance to students who might wish to use this data as part of 
undergraduate or graduate level thesis projects. 
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Appendix 1: Descriptions of codes utilized. 
“WAve SIMulation (WASIM) solves the fully 3-dimensional radiation / diffraction problem 

by Rankine Panel Method” (DNV Software 2006).  The non linear model includes integration of 
the Hydrostatic and Froude-Krylov pressure over the exact wetted surface, the Bernoulli 
equation including quadratic terms, quadratic roll damping and exact treatment of the rotation 
angles in inertia and gravity terms. (DNV Software 2006). 

WASIM is a 2-1/2 D panel code, based upon the MIT SWAN 2 Code,  that allows both non-
linear time series creation as well as the creation of Response Amplitude Operators (RAOs) 
based upon a Fast Fourier Transform (FFT) of a group of linear or non-linear time series runs, 
with or without forward speed.   In the non-linear time series runs, WASIM is capable to 
modeling 6 degree of freedom shear force and bending moments at user selected slices through 
the hull geometry.  It also allows the modeling of semi-submerged and submerged elements and 
the calculation of green water on deck as well as some wave slam and wave slap forces through 
post processing.  The version of WASIM available is limited to a single hull being modeled at 
one time.   

WADAM multi-body is a Linear panel code based on the MIT WAMIT code that allows the 
calculation of RAOs at zero speed for up to 15 different bodies in user selected proximity at zero 
speed.  In single body mode WADAM can also calculate RAOs for the shear and bending forces 
at user selected locations similar to WASIM.   WADAM also outputs RAOs that develop the 
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forces and moments on the body as a whole based upon the wave motions inputs, and the 
frequency dependent added mass and damping matrices. 

OrcaFlex is a blended graphical modeling code that models the behavior of a wide range of 
things at the sea surface, submerged in the water column and at the sea bottom interface to a 
wide range of wind, current and wave forcing scenarios. 

To quote from the manual, "OrcaFlex is a fully 3D non-linear time domain finite element 
program capable of dealing with arbitrarily large deflections of the flexible from the initial 
configuration. A lumped mass element is used which greatly simplifies the mathematical 
formulation and allows quick and efficient development of the program to include additional 
force terms and constraints on the system in response to new engineering requirements." 

OrcaFlex does not currently have an organic capability to calculate vessel motions from 
geometry and loading but has at least three different ways of modeling them with the help of 
other software.  OrcaFlex can model motions due to waves and object to object interactions as 
follows: 

• Using a user selected wave model and user supplied displacement RAOs 
• Using a user selected wave model and user selected force and moment RAOs and added 

mass and damping matrices. 
• User supplied time series of object motion. 
Each of the 3 programs has its features and limitations that were investigated to see which of 

them could best be brought to bear on the problem. 
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