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ICEBERG SHAPE CHARACTERIZATION

Richard McKenna

Consultant
Wakefield, Québec, CANADA

ABSTRACT

The present iceberg shape characterization ties the above and below water portions of the
iceberg in a consistent manner, satisfies hydrostatic considerations, represents measured
relationships between waterline length, waterline width, height, draft and mass, and can
be used for probabilistic simulations. The approach involves the characterization of three
dimensional iceberg shape in terms of the overall average shape and a random component
based on the concepts of spatial statistics. The approach has a predictive capability that
provides for the generation of a large number of complete iceberg shapes, each with the
statistical attributes of measured data.

The approach is illustrated through the analysis of two full iceberg profiles collected
during the DIGS experiment conducted offshore Labrador in 1985. Many representative
iceberg geometries were generated from the statistics of the DIGS icebergs, which were
then reoriented and adjusted vertically in the water column to satisfy hydrostatic
considerations. Index dimensions were calculated from the generated shapes and their
interrelationships were compared with those derived from measured data. The approach
yielded realistic iceberg shapes and should be useful for generating iceberg shapes for
assessment of risk to Grand Banks installations.

INTRODUCTION

Iceberg shape data are required to assess risk for a variety of installations off Canada’s
east coast. Requirements include:
e determining the frequency of contact with fixed platforms, floating platforms and
seabed installations;
e determining contact location;
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e cstimating the risk to topsides of production facilities;
e calculating the inertia of the iceberg relating to the point of impact; and
e the development of the ice contact area on impact.

Although many field initiatives have been undertaken to document iceberg geometry,
some inherent deficiencies become apparent when these data are used for the design of
offshore installations. The deficiencies include gaps in the data due to difficulties with
measurement near the water surface, a virtual absence of data from the base of the keels
and many circumstances when only partial profile data are available.

There have been a few iceberg shape characterizations made in the past. The simplest is
the MANICE designation (i.e. tabular, dome, drydock etc.), but this is not particularly
useful for engineering analysis. More comprehensive formulations have included
relationships for contact area (e.g. Fuglem et al., 1998; McKenna et al., 2001), keel shape
(e.g. PERD, 2000; Croasdale et al., 2001), and for overall shape (e.g. McKenna et al.,
1999). Most of the above consider only a portion of the iceberg for specific purposes in
the ice-structure interaction process. Those that treat the overall iceberg shape are simply
representations of available data. The above have no real predictive capability, and they
do not generally link above and below water portions of the iceberg. The present work,
which addresses these issues, is a summary of PERD (2004a).

Data for full iceberg shape come primarily from field studies conducted in 1984 for the
Hibernia project (Dobrocky Seatech, 1984), from isolated measurements such as the
DIGS project (Hodgson et al., 1987) and from recent programs conducted by the Terra
Nova project (PERD, 2004b). The DIGS data include underwater and above water
information, and the present analysis includes two of these icebergs, for which horizontal
contours were readily available in PERD (1999).

A STATISTICAL MODEL OF ICEBERG SHAPE

Characterization of Deviations from the Mean

The surface points of the iceberg, 7;, can be represented as the sum of the mean value, 7,
and a deviation, s;, as shown in Figure 1. The mean shape is assumed to be spherical,
with radius ry. In vector form, this can be expressed as

(Eq.1) r=rg+ts

It is assumed that the deviation at each point on the surface of the iceberg can be
represented as a linear combination of all the other deviations and a series of random
values, e;. This can be expressed in the form

(Eq.2) s=Be

where B is a square matrix of coefficients, b;;, relating surface points i and j (see Figure
2), and e is the vector of random values. Since E[r] = ry, the expected value of
deviations, s, about the mean radius, ry, is
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Iceberg Surface

(@]
Centre of Mass

Mean Iceberg Surface

Figure 1 Deviation of a point on the iceberg surface from the mean shape

Figure 2 Geometry of the spherical mean iceberg shape

(Eq.3) E[s]=E[Be]=B E[e] =0

so that E[e] = 0 as well.

The distribution of e can be ascertained from measured data. The first step is to solve for
rp, the next is to estimate B from the spatial correlations and the final one is to solve for
the random deviations from

(Eq.4) e=B'(r-r)=B's

The spatial covariance of the deviations at the various surface points is

(Eq.5) C=E[ss'|=E[Be(Be)'|=E[Bee' B'|=BE[ee'| B

557



Proc. 18" Int. Conf. on Port and Ocean Eng. under Arctic Conditions. Vol.2(2005),555-564

since b;; are constants and where E[ ] represents the expected value. The expression E[e
eT] is simply 71 O'ez, where 0'62 is the variance of the random values, and C can be rewritten

(Eq.6) C=0'BB'
The covariance matrix, C, can also be expressed
(Eq.7) C=q’p

where o;” is the variance and p is the correlation matrix of the deviations. Since there is
nothing constraining the magnitudes of B and e, the variances of the deviations s and e
are chosen to be equal, i.e. asz = ¢,% and the result is

(Eq.8) p=BB'

The coefficients of the matrix B can be solved from p using Cholesky factorization for
positive definite forms and using a generalized matrix square root otherwise.

Spherical Geometry

The spherical mean shape with radius 7y is illustrated in Figure 2. Two surface points
with indices 7, j are shown, along with corresponding horizontal angles &, & and vertical
angles ¢, ¢. The angular separation between the two surface points is ¢;;. The
coordinates of the surface point with radius 7; are

(Eq.9) X; =1;cost; cosg ; y; =r;sinb; cosd; ; z;=r; singy

The surface of the sphere is represented by a large number of distinct points and each is
associated with a surface area as shown in Figure 3. The size of the incremental surface
area is a; = q; r,-z, where g; is a constant that depends on the choice for the layout of the
surface points. The elemental volume is approximately v; = (1/3) ¢; r> and its centre of
mass is located a distance approximately 7; = (3/4) r; from the origin.

The spherical iceberg geometry was represented as a series of pentagons and hexagons in
a form known as the Bucky ball. In the present characterization, each pentagon is
subdivided into five triangles and each hexagon is divided into six triangles. Each of the
triangles was subdivided further into four triangles, as shown in Figure 4. All of the
angular geometry was developed using a unit radius sphere and scaled to account for the
mean radius. The incremental surface area was determined by bisecting each edge to
form a polygon (pentagon or hexagon), from which the parameter, ¢;, was calculated.

Centre of Mass

The centre of mass can be defined in terms of the incremental volumes and their positions

(Eq.10) x = [> 7 cos @, cosdy vi] /Y. vi 3 y = [2n sinb, cosgy vi] /Y. vi s z = [Yr; singy vi] /3 v;
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Figure 3 Characterization of area Figure 4 Surface points on unit sphere
associated with surface point are vertices of triangles

To preserve the centre of mass at the origin, it is necessary for x =y =z = 0. Ideally, the
conditions on the centre of mass should be solved simultaneously with Eq. 1 — 8 to yield
the radii r. Practically, this is difficult since centre of mass relationships involve fourth
powers of ; and a Lagrange multiplier approach does not yield a simple solution for .

In practice, a numerical approach was used to generate a random vector e, then it was
shuffled until a trial was found to satisfy a specified tolerance on the location of the
centre of mass. Tests indicate there is no spatial correlation introduced in the shuffled
vector e that minimizes X, y and z, thereby preserving the randomness of the elements of
e. In practice, the calculated variance, 0}2, was found to approximate, 062, and was not
biased for the shapes that best preserved the centre of mass.

Iceberg Orientation

Once an iceberg shape is generated, its orientation and waterline elevation are estimated
using an approximate technique. An initial guess was made for the waterline elevation,
total iceberg weight and buoyancy were calculated, an iterative procedure was used to
calculate the waterline to balance weight and buoyancy, and hydrostatically correct
centres of mass and buoyancy were calculated. This was done for many potential iceberg
orientations and waterplane moments of inertia were calculated for each at sixteen
directions. A stable orientation was determined from those with the largest metacentric
heights (i.e. most stable) and where the centres of mass and buoyancy were
approximately in line. This approach is approximate and will be revised in future.

PARAMETER ESTIMATION

Characterization of DIGS Icebergs

The below water contours were spaced 5 m for iceberg “Gladys” and 10 m apart for
iceberg “Julianna”, while the above water contours had a vertical resolution of up to 2 m.
Iceberg “Gladys” had a waterline length of 165 m, a waterline width of 150 m, a height
of 30 m and a draft of 110 m, while iceberg “Julianna” had a waterline length of 292 m, a
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waterline width of 258 m, a height of 70 m and a draft of 170 m. The centre of mass was
estimated by assuming the icebergs consisted of stacked right cylinders, each having the
plan shape of the contour. The height of each cylinder was determined by extending it
vertically, half the distance to the adjacent contours above and below it. The area and
centre of mass of each cylinder was used to obtain the overall centre of mass.

The unit sphere was then placed at the centre of mass of the iceberg and the radii were
extended to meet the iceberg contours. The interpolated surface points for the radial
representation are shown in Figure 5 for iceberg “Julianna”. Recognizing the potential
deficiencies in the surface area coverage, mean radii of 72.1 m and 135.3 m were
determined for the two icebergs. The deviations from the mean surface were determined
to yield the distributions for “Julianna” shown in Figure 6. The standard deviations of the
radii were calculated to be 12.6 m and 35.6 m for the two icebergs. The radial surface
representations can also be viewed using the surface triangles as shown in Figure 5.

+  Measured Contours
« Data from Unit Sphere

200

Figure 5 Iceberg “Julianna”, showing measured contours and surface points associated
with radial representation; triangular patch representation of surface points
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Figure 6 Distributions associated with radial representation of iceberg “Julianna”
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Figure 7 Spatial correlations as a function of angular separation and approximate fit for
DIGS icebergs

Calculation of Model Parameters

The spatial covariance matrix, C, with elements, c;;, defines the relationship between the
deviations s; and s;. As shown in Figure 2, points i and j are separated by an angle ¢;;. If
the deviations have the same properties all around the iceberg, then the covariance can be
expressed in terms of the separation angle ¢;;. Since the angle between any two points on
the sphere never exceeds m radians (180°), the covariance or correlation function is
symmetric about m. The form of the correlation function was determined by binning the
cross-correlation of measured radius deviations (s; = r; — ), according to angular
separation around the surface of the sphere. The results are shown in Figure 7 for the two
icebergs.

In spite of differences in shape between the two icebergs, their correlation functions are
similar. The function

EQ1D)  py=poin+ (=puin)/2 + [(1=pin)/2] exp(f @) cos (2 ;)
was used to represent the correlation, p;;, between radii at surface points i and j as a

function of angular separation ¢;;. Parameters /= 0.2 and p,,;» = -0.45 provided a
reasonable fit.
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The correlation matrix, p, was generated from Eq. 11 using the angular separations
between points on the unit sphere, from which the matrix, B, was calculated. The
distribution of residuals, e, was determined from the deviations, s, and the matrix, B,
using Eq. 4. Figure 6 indicates that parameter, e, is well represented by a normal
distribution. Coefficients of variation for e of 0.18 and 0.26 were calculated for the two
icebergs analyzed and a value of 0.2 was assumed for subsequent iceberg generation.

By choosing correlations as a function of angular separation, there is an implicit
assumption that shape deviations are not scale dependent. In future, it may therefore be
necessary to characterize the various shape parameters for different iceberg sizes.
Furthermore, the distribution of the random deviations and consequently the shape
parameters may be found to vary with the iceberg shape categorization, particularly in the
case of tabular and drydock icebergs.

APPLICATION OF THE MODEL
Shape Generation

Many complete iceberg shapes were generated using the procedure and parameters
outlined above. Three dimensional views of two of these icebergs are shown in Figure 8.
Since the information used to generate these icebergs was derived only from two icebergs
profiled during the DIGS program, the generated shapes are biased to the specific
morphological features of these icebergs. As well, there is clearly no basis to establish a
size dependence on the correlation function based on data from only two icebergs.
Consequently, the icebergs have been generated in a non-dimensional sense with a unit
mean radius. In practice, the generated icebergs can be scaled, for example, by waterline
length. No scale is shown on the plots.

Index Dimensions

The relationships between waterline length, waterline width height and draft have been
calculated in numerous other studies. Dimensional relationships based on over 500
generated icebergs are illustrated in Figure 9. The average width was found to be 0.8
times the length, which is in line with the extensive measured data set. The distribution is
bounded on the right since the waterline width is always less than or equal to the length.
Width relationships from some measured sources may be inaccurate when other than
aerial data are used. The draft was calculated to be 0.9 times the waterline length on
average, which is more than the measured ratio of closer to 0.7. The height was found to
be approximately 1/8 of the waterline length and 1 /7 of the draft, both of which are in
line with measurements.

CONCLUSIONS
A preliminary assessment of index dimensions indicates the proposed approach can

capture the salient features of iceberg shape using a relatively simple statistical model
with few parameters.
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Figure 8 3D view of two generated icebergs
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Figure 9 Simulated relationships between iceberg key iceberg dimensions

RECOMMENDATIONS

The present study dealt with data from only two icebergs. To fully represent iceberg
geometry, data from many icebergs are required. Data acquired as part of offshore
initiatives for the Hibernia development in the early 1980s, at Terra Nova in 2002 and
2003 will greatly improve the statistical representation of iceberg shape.

In future work, a key aspect will be to consider the potential differences between the
attributes of icebergs with tabular and drydock shapes. Without doubt, there are likely to
be differences in iceberg shape with increasing size, particularly for very large tabular
icebergs.

In this initial development, the statistical model assumed that the mean iceberg shape
could be represented using a sphere. Clearly, this will not be appropriate for certain
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classes of icebergs and a better form may be required. A single correlation function was
used to represent changes in shape around the iceberg. To properly account for local
surface features, it may be appropriate to refine this characterization.

An approximate method was used to find stable iceberg positions. This part of the
approach needs to be refined and a method using detailed iceberg surface information is
recommended.
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