A Method to Upgrade Iceberg
Velocity Statistics to Include
Wave-Induced Motion

Iceberg impact design loads for offshore structures can be estimated by incorporating
an ice/structure interaction model in a probabilistic framework, or risk analysis.
The relevant iceberg and environmental parameters are input in statistical form,
Iceberg velocity statistics are usually compiled from drilling rig radar reports, and
hence represent estimates of average hourly drifi speeds. Yet it is the instantaneous
ice velocity which is the relevant input to the simulation of the iceberg/structure
collision process. Thus, risk analyses based on mean drift speed distributions will
only yield valid results for the subset of conditions where wave-induced iceberg
motion is negligible. This paper describes a method which, for the first time,
systematically accounts for wave-induced motion in iceberg impact risk analyses. A
linear three-dimensional potential flow model is utilized to upgrade iceberg velocity
statistics to include the influence of Grand Banks sea-state conditions on instanta-
neous ice motion. The results clearly demonstrate the importance of including wave-
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induced motion in iceberg impact risk analyses.

1 Introduction

Petroleum exploration and production operations in the
Labrador Sea and Grand Banks regions face a unique envi-
ronmental hazard: the possible collision of an iceberg with an
offshore structure. Substantial efforts are underway to deter-
mine the loading on, and deformation of, various offshore
structure designs in the event of such a collision, e.g., [1-3].
For a given set of initial conditions (iceberg size, shape, initial
velocity, mechanical properties, structural geometry, material
properties, dynamic characteristics, etc.), these models pro-
duce estimates of the maximum load experienced by the
structure during the collision, and the degree of structural
damage sustained. In order to determine the maximum im-
pact load a structure should be designed to withstand during
its life span, an iceberg/structure impact model is incorpo-
rated into a probabilistic framework known as risk analysis.
These risk analyses account for the random nature of the
iceberg collision hazard via statistical representations of the
input conditions, specifically those related to the iceberg. In
this way, an estimation of iceberg impact load as a function
of probability of occurrence is obtained. To design for a given
level of acceptable risk, the estimated impact load for that
risk is obtained, and the structure is designed to withstand
that load within an appropriate factor of safety.

Many such risk analyses have been formulated for iceberg/
structure interactions, e.g., [4-6]. The statistical representa-
tions for the iceberg initial conditions are normally obtained
from available full-scale observations. One such representa-
tion, for iceberg velocity statistics, is the subject of the present
work.
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The compilation of iceberg velocity statistics has been based
essentially on drilling rig radar trackings, with range and
bearing of iceberg targets recorded at hourly intervals, e.g.,
[7-9]. This procedure produces estimates of average hourly
drift speeds of icebergs, and excludes velocity variations on
shorter time scales due to ocean waves. However, instanta-
neous ice velocity is the relevant input to the simulation of
the iceberg/structure collision process. Risk analyses based on
mean drift speed distributions will underestimate impact ve-
locities for small ice masses in waves. Conversely, risk analyses
which apply a uniform increase in iceberg speeds regardless
of mass, such as that by Johnson and Nevel [6], will tend to
overestimate impact velocities for large bergs.

Previous wave tank work by Lever et al. [10] suggests that
instantaneous velocites of small icebergs, bergy bits and growl-
ers in typical Grand Banks storm waves can substantially
exceed maximum expected mean drift speeds. Since the com-
bination of ice and heavy seas at a given rig site might be
considered a rare event, it makes sense to investigate the
influence of various sea states on ice masses of various sizes
to determine under what conditions wave-induced motion
becomes significant. That is, if instantaneous ice velocity
distributions can be obtained as functions of berg size and
sea-state conditions, then these may be combined with ayall-
able sea-state statistics and iceberg size frequency distributions
to determine to what degree impact design loads are affecte
by the phenomenon of wave-induced motion.

While the motion response to waves of ice floes and large
Antarctic icebergs has been studied, e.g., [11-13], the inﬂu'
ence of waves on instantaneous iceberg and bergy-bit motion
has not received systematic attention. Hsiung and Aboul-
Azim [14] investigated the second-order steady drift force
exerted by waves on a small iceberg; Lever, et al. [10] co
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ducted a wave tank study of various model ice sizes and
shapes to determine maximum instantaneous velocities in
storm waves; a field program to directly measure instantane-
ous iceberg motion has been initiated by Lever and Diemand
[15]. A need still exists to determine in a systematic way the
importance of wave effects on iceberg motion over broad
ranges of ice sizes and sea-states.

Described in this paper is a new method which allows the
phenomenon of wave-induced motion to be systematically
taken into account in iceberg impact risk analyses. A linear,
three-dimensional wave diffraction model is employed to
compute the surge and heave responses to linear waves of five
blocky icebergs, bergy bits and growlers. The surge responses
of the ice masses in random unidirectional seas are then
obtained, with the significant surge velocity expressed as
function of significant wave height for each berg simulated.
The probability densities for instantaneous surge velocities
are then obtained from sea-state probabilities for the Grand
Banks. Finally, the total velocity probability distribution for
each ice mass is computed by combining existing drift speed
probabilities with the newly computed instantaneous surge
velocity distributions. The resulting total velocity probability
densities may then be used as input for risk analyses. This
will give a better representation of the broad range of initial
conditions relevant to iceberg/structure interactions, particu-
larly those conditions involving relatively small ice masses in
heavy seas where mean velocities alone severely underesti-
mate the impact hazard.

2 Wave-Induced Velocity as Function of Ice Size and
Sea-State

2.1 Theoretical Model for Oscillatory Motion Re-
sponse. Computation of the motion response of an iceberg
is based here on linearized potential flow theory. The flow is
assumed to be inviscid, irrotational and incompressible, such
that the flow field can be characterized by a single-valued
velocity potential. This potential is composed of the incident
wave potential, plus the diffraction potential produced by the
stationary body, plus the six radiation potentials arising from
the oscillatory motion of the body about its equilibrium
position in still fluid. The unknown amplitudes of oscillation
in the six rigid body degrees-of-freedom are obtained for a
given unit amplitude input wave at a known frequency by
proper matching of boundary conditions. Linear superposi-
tion is then used to obtain the motion responses in random
sea conditions.

The key assumptions necessary to apply linear potential
flow theory are that viscous effects are negligible, incident
wave steepness is small, and body motion is small. For large
bodies, it is felt that viscous effects are confined to the
boundary layer on the body and local separated flow regions,
without significantly affecting the overall flow field [16].
Potential flow theory has been used to compute the motion
of floating bodies, e.g., [16—19] and large ice floes and icebergs
in waves [11-13]. For the case of bergy bits and growlers in
waves, the role of fluid viscosity is less well understood, as
these bodies will in general not be large relative to the consti-
tutive wavelengths in a random sea. However, the assumption
of inviscid, irrotational flow is applied to make the problem
tractable.

A similar situation exists for the linearizing assumptions of
small wave steepness and small body motion. For small bergy
bits and growlers in heavy seas, the amplitudes of motion will
approach the wave amplitudes. Also, in heavy seas, wave
steepnesses do not remain small, with breaking waves a defi-
nite possibility. The authors are currently working on a non-
linear potential flow theory to model the large amplitude
motion of small ice masses in steep waves. The importance
of fluid viscosity will be studied simultaneously in the wave
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tank. The linear potential flow theory presented here is felt to
be the most appropriate means at the current time to inves-
tigate the broad range of ice sizes and sea states relevant to
the problem, and the method easily lends itself to a probabi-
listic formulation.

A three-dimensional singularity distribution (or Green’s
function) method has been used to compute the wave-induced
motion response of idealized icebergs. The foundation of this
method was first established by Kim [20], and was later
extended and applied to various bodies by Garrison [18] and
Faltinsen and Michelsen [17]. Since then, the effectiveness,
reliability and accuracy of this method has been demonstrated
extensively, e.g., [21-24]. This method is felt to be the most
versatile technique for the computation of small-amplitude
oscillatory motion of large floating bodies of arbitrary geom-
etry in a potential flow field. The main drawback of the
method is the large computational effort required compared
to methods dealing with restricted classes of bodies (e.g.,
slender bodies or vessels, bodies with planes or axes of sym-
metry).

A complete description of the three-dimensional singularity
distribution technique may be found in reference [24]. The
mean wetted body surface is discretized by a number of
surface panels. The first-order velocity potential is solved
numerically by distributing sources at the centroid of each
panel and applying the linearized boundary conditions. The
program has been checked with several published results and,
in general, good agreement is found [24]. Comparisons of
computed response amplitude operators with available pub-
lished results for cylindrical and cubical floating bodies are
shown in Figs. 1 and 2.

2.2 Response of Idealizéd Icebergs to Regular
Waves. Cubical shapes were chosen to represent the icebergs
for the purposes of this study. This was considered acceptable
for a first attempt, since the aims were to develop a method
for, and assess the importance of, including wave-induced
motion in iceberg/structure impact risk analyses. The poten-
tial flow model may be applied to arbitrarily shaped floating
bodies, so that extension of the work to more realistic iceberg
shapes is straightforward.

The icebergs were treated as being homogenous, with a
density of 900 kg/m?. The five cubical bergs had masses of
1600, 12,000, 42,000, 100,000 and 1,000,000 tonnes, with
corresponding side lengths of 12, 24, 36, 48, 104 m, respec-
tively. The density of sea water was taken to be 1025 kg/m?
uniformly. The water depth used was 90 m for all cases except
the | million-ton iceberg, where a value of 180 m was chosen
to accommodate the deep draft of this berg.

All icebergs were discretized using 80 surface panels. This
value was felt to be sufficient, as previous investigation of a
90 X 90 x 20-m floating box indicated that 48 panels were
sufficient to produce accurate results [24].

The computed response amplitude operators (RAOs) for
surge (forward) and heave (vertical) motions are shown in
Figs. 3 and 4, respectively. These represent, for each model
iceberg, the nondimensional amplitude of the sinusoidal re-
sponse to regular waves at various periods. Only surge and
heave RAOs are shown, as these are the motions of greatest
concern in iceberg/structure impact analyses. These response
curves show similar behavior to those obtained for other
blocky floating bodies, e.g., [11, 12, 23].

An interesting comparison with earlier work is possible at
this stage. Experimental results obtained by Lever, et al. [10]
indicated that motion if iceberg models in regular steep waves
tended toward fluid particlelike motion for values of wave-
length to model size ratio greater than 13. To investigate this
effect, ratios of surge and heave velocity amplitudes to hori-
zontal and vertical particle velocity amplitudes, respectively,
Viurge/ Unorizontal aNA Vheave/ Uvertica, Were computed for each of
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ratio is seen. This is due to the nature of the surge RAOs (see
Fig. 3), which each display a large peak followed by a sudden
drop off for wave periods corresponding to 15 < A/L < 25.
This behavior was not observed for the models tested in steep
waves in reference [10].

The velocity ratios for vertical motion (see Fig. 6) overshoot
unity in the range 6 < A/L < 20, tending towards ugity for
larger A/L. The overshoot is due to the pronounced heave
resonance response predicted by the present linear model.
The actual response would undoubtedly be nonlinear for
large-amplitude resonance motion, and would be limited by
submergence of the bergs and fluid viscosity.

Keeping in mind the differences between the experimental
tests in steep waves conducted by Lever, et al. [10], and the
linear potential flow model presented here, the results are in
general agreement. Icebergs should display fluid particlelike
behavior (or at least move at maximum instantaneous veloc-
ities approaching fluid particle velocities) for A/L greater than
10-15.

~ 2.3 Response of Icebergs in Irregular Seas. The unidi-

rectional JONSWAP sea-spectrum was chosen as a reasonable
representation of a North Atlantic wave energy distribution.
This spectrum takes the form (from [25])

A

Sw(f) = 75 exp(=B/f*)v* (4a)
f
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where

a = exp{—(f— /) /(20°/s*)}

=007 for f=<f (4b)
c=0.09 for >/ (40)
5 H52f4
=(1671/§) for 1<y<4 (4d)
B =5 f*/4 (4e)

and where f; is the peak frequency in the spectrum, H; is the
significant wave height, v is the peak enhancement factor. A
constant value of ¥ = 2.2 was chosen, as this is the average
value reported by LeBond, et al. [25] based on 36 wave spectra
from the Hibernia area in 95-m water depth. Similarly, a
simple relationship between H, and peak period, T, = 1/f;,
has been used; namely (from [25])
T, = 4.43 H,'” (5)
Thus the wave energy spectrum, S, (f), has been reduced to
dependence on significant wave height only.
The motion and velocity response spectra, S, ( ) and S.( f),
respectively, may be obtained by applying linear analysis in
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the frequeflcy domain (see, for example [26]). Thus,
Su(f) = Su(f) - H*(f) (6)
S/(f) =4 = 2s.(f) - H(f) (7)

where: H( f) = 7;(f)/n. is the RAO for motion in the desired
mode; n:(f) is the amplitude of motion in ith mode (here,
either heave or surge); 1., is the wave amplitude. Thus, for a
given iceberg model, S,.(f) and S.(f) will also depend only
on H;.

The characteristic parameters of a given velocity response
spectrum, such as the rms of the velocity amplitude, Vins, the
significant velocity (or average of highest % of velocity ampli-
tudes), Vs, etc., may be estimated assuming the spectrum to
be Rayleigh type. This assumption is usual practice in deter-
mining motion response of ships to narrow band irregular
seas (see, for example, {26]), and yields

Vrms = {2 mO}I/Z (8)
Vi = 2{mo}'” ®

where m, is the zeroth moment of the velocity spectrum

mo = f A df (10)

The use of equations (8) and (9) will yield accurate results
provided the velocity spectra are narrow banded. This was
found to be true in all cases and reflects the use of the sharp
peaked JONSWAP spectra for S, (/).

The computed values of V; for surge and heave motion
obtained for various values of H; are shown plotted in Figs. 7
and 8, respectively. The variation of V; with H was found to
be nearly linear for surge motion, with significant velocities
for the 1600-tonne berg approaching 3 m/s in 10 m significant
wave height seas. The response naturally decreases with in-
creasing iceberg size. The heave motion response varies less
linearly, due in part to the prominent heave resonance spike
in the computed RAOs.

3 Influence of Wave-Induced Motion on Iceberg
Velocity Probability Distribution

3.1 Probability Density for Significant Surge Veloc-
ity. Having obtained the relationship betweenV; and H; for
each model iceberg (shown in Fig. 7 for surge), to determine
the probability density for ¥;, only the probability density for
H, is required, Py(H,). The 11-yr data compiled by Neu [27]
for the Hibernia region were used. The probability density for
H., was determined by combining all 8026 wave observations
for the Hibernia region into a histogram and normalizing the
result. Figure 9 shows Py(H,) obtained in this way. The
probability densities of surge ¥ for each berg, Py(V), deter-
mined by combining the curves from Fig. 7 with P;(H;), are
shown in Fig. 10.

It should be noted that the above method ignores monthly
variations in Py{H,) and iceberg population density. Since
highest iceberg densities occur in April-May on the Grand
Banks, and sea-state conditions during this period are approx-
imately equal to the yearly average values, this omission
should not affect the results significantly. The development
of a full iceberg impact risk analysis would require consider-
ation of monthly variations in iceberg population density and
significant wave height at the site of interest.

3.2 Probability Density for Mean Drift Speed. It is
standard iceberg management procedure to track all icebergs
detected by the marine radar of an offshore drilling rig. The
range and bearing of each target is normally recorded hourly.
From this data, average hourly drift speed estimates may be
obtained.
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Although there is some evidence that small bergs drift more
quickly than large ones, e.g., [9, 28], the correlation is not
strong. Hence, it has been assumed that drift speed is inde-
pendent of iceberg size. The data collected by Eastcan during
the summer drilling seasons of 1975 and 1976 have been used
[7, 8]. These consist of 2088 observations at four drill sites 10
the Labrador Sea. Other drift velocity statistics could be used,
as the results will be similar. The probability density for drift
speed, P,(V,), is shown in Fig. 11 (drift alone curve).

33 Total Velocity Probability Density. The total veloc-
ity of an iceberg at any instant may conveniently be repre-
sented as the sum of the mean drift velocity plus the unsteady
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velocity due to wave action. In principle, this would be a
vector summation so that to properly add in wave-induced
motion to mean iceberg drift, some account of wave versus
drift direction would be required. To do this would require
directional wave spectra and directional iceberg drift proba-
bility distributions. Even then, the influence of the structure
on the behavior of the berg would not be taken into account.
For the purposes of risk analysis, a simpler approach is
proposed. The total velocity, V,, is taken to be the sum of the
drift speed plus the significant surge velocity. That is,
Vi=Vs+ V (11)

This expression requires some elaboration.
Reasonable estimates of impact velocities are desired; ones
which could be expected during iceberg/structure interactions.
It has already been argued that mean drift speeds ignore
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potentially significant wave-induced iceberg motion. Consider
then what would be recorded if existing radar technology
permitted continuous readout of total instantaneous iceberg
velocity. A 1-hr time history would essentially reproduce the
mean drift speed, V,, plus a fluctuating component whose
magnitude and direction varied with time. For bergs as large
as 200,000 tonnes, the second-order wave drift force can be
as large as the sum of all other forces [14]. In addition, any
wind which generates local waves also produces acrodynamic
drag on the berg and a surface current drag along somewhat
the same general direction. It is therefore not unreasonable
that the fluctuating velocities might be centered on the mean
drift direction, particularly for smaller bergs.

Note that, in a random sea with a peak period of 12 s
(corresponding to H, = 7.3 m, from equation (5)), the iceberg
could encounter, and respond to, approximately 300 waves
during the 1-hr observation period. ¥, would be the average
of the highest 100 velocity fluctuations. Even accounting for
directional effects, a total velocity of V, + ¥V, would likely be
exceeded many times during the hour. Or, put another way,
an iceberg drifting at a mean speed of 0.25 m/s would take
approximately 400 s to traverse a 100-m drilling platform. In
a random sea of 12-s peak period, V; would be the average of
the highest 11 or so instantaneous iceberg surge velocities.
Again, a total velocity of V, + V, would likely be exceeded
several times during the traverse period.

While the present formulation ignores the influence of the
structure on the relative impact velocity, and mean drift and
wave directional variations, it also ignores the possibility of
repeated impacts. That is, if an impact occurs at a low relative
velocity such that little damage occurs to the iceberg, the
possibility still exists that a more energetic collision will take
place before the iceberg clears the vicinity of the structure.
Thus, in spite of its simplicity, it is felt that equation (11)
gives an expression for the total velocity which reasonably
represents the hazard an iceberg poses to an offshore structure,
including the influence of ocean waves.

The probability density for total velocity may now be easily
obtained by convolution; namely
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The results for all model icebergs considered are shown in
Fig. 11, with the velocity exceedence levels shown in Fig. 12
and Table 1. Since iceberg kinetic energy is also used in some
ice/structure interaction models, the corresponding total ki-
netic energy exceedence levels (exclusive of added mass) are
shown in Table 2 for specific berg sizes.

4 Discussion

been measured in the field if appropriate technology existeq
to do so. The values would correspond to instantaneoyg
iceberg -velocities reached or exceeded many times during
each 1-hr observation interval.

Table 1 Exceedance levels, E(¥), for total velocity V, angd
drift velocity ¥V,

E(V) V,, m/s (tonnes) v,
Careful scrutiny of the results shown in Figs. 11, 12 and {percent) m /'S
Table 1| reveals that wave-induced motion represents a sig- 1600 12,000 42,000 100,000 1,000,000
nificant component of total iceberg motion, in a probabilistic 50 093 0.66 053 0.43 0.28 0.21
sense. The responses of model icebergs to irregular seas have 20 132 09 082 066 045 036
been combined with the probability of occurrence of each 1(5) 1-52 .15 098 8gg 0.55 0.45
sea-state. The resulting total velocity probability densities or ] £Z4 igé }411(3) 1.15 8’613 8.52
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Table 2 Kinetic energy of exceedance levels, E(Y2MV'?), based on drift velocity along, 2MV.2, and with wave effects

included, “2MV 2. Kinetic energy values in KJ.

E(/: MV?) 1600 tonne 12,000 tonne 42,000 tonne 100,000 tonne 1,000,000 tonne

(percent) 1,pp Vi VaMVE Ratio '2"MVF AMVE Ratio oMV/F AMVE Ratio 'aMVE VaMV? Ratio '2MV7F YaMV? Ratio
50 37 669 18 292 2680 9 986 6510 7 2340 8960 4 23,800 40,500 1.7
20 101 1370 14 809 5910 7 2730 10,300 5 6470 21,400 3 65,800 101,000 1.5
10 156 1390 9 1250 8210 7 4200 19,900 5 9960 31,900 3 101,000 152,000 1.5
5 214 2460 11 1710 10,700 6 5770 26900 5 13,700 42,300 3 139,000 202,000 1.5
1 317 3520 11 2610 15400 6 8820 40,300 5 20,900 66,200 3 213,000 314,000 1.5

Naturally, the deviation between total velocity and drift
velocity is found to be greatest for the smallest ice masses.
The | percent exceedence velocity for a [600-tonne growler
was found to be 2.14 m/s, a 330 percent increase over the
value based on drift velocity alone. By comparison, the 1
million-ton iceberg shows a much smaller, but still significant,
20 percent increase in its 1 percent velocity exceedence level,
from 0.65 m/s to 0.78 m/s (see Table 1).

It is felt that the most useful result of the present work,
however, is to show how drift velocity statistics can be system-
atically upgraded to include instantaneous motion over the
entire range of iceberg sizes and seastates. The present ap-
proach should be compared with that of Johnson and Nevel
[6] where the velocity exceedence curve is doubled, independ-
ent of iceberg mass. Note that the present systematic account-
ing for wave-induced motion predicts higher impact velocities
for small ice masses, and lower impact velocities for large
icebergs, for all exceedence levels, as compared with across
the board doubling of velocities.

It is also interesting to note that the increases in kinetic
energy exceedence values, for specific berg sizes, tend towards
constant percentages for all five model icebergs (see Table 2).
For 20 percent exceedence levels and higher, the ratios be-
tween total and drift kinetic energies for the 1600, 12,000,
42,000, 100,000, and 1,000,000-tonne bergs are approxi-
mately 10, 6, 5, 3, 1.5, respectively. That is, virtually all
probable ice/structure impacts are likely to be substantially
more energetic than estimates based on drift speed data alone
would indicate.

The key assumptions used to produce these results bear
repeating here: (a) the wave-induced motions of the iceberg
models were computed using linear potential flow theory; (b)
the total velocity was taken as the scalar sum of the drift speed
with the significant surge velocity obtained for a unidirec-
tional random sea.

The use of linear wave theory will tend to underpredict full-
scale instantaneous velocities of the smaller ice masses in
heavier seastates, as the required assumptions of nonsteep
waves and small body motion are violated. The effect of fluid
viscosity on the results is not expected to be as important.

Conversely, the scalar addition of V;, obtained for unidi-
rectional seas, to V; ignores the directional content of an
irregular sea and differences between mean wave and drift
directions. This shortcoming must be placed in context, how-
ever. The most appropriate set of iceberg velocity statistics
would be one which described probable values of relative
velocity likely to occur on impact of a berg with a structure.
While in principle, thorough study of the complete wind/
wave/current/ice/structure interaction could yield such re-
sults, this analysis would be extremely complicated. As it
stands, existing risk analyses ignore the influence of the struc-
ture on iceberg motion and use open water drift velocities as
input. The authors feel that the present approach extends this
one step further to include wave-induced ice motion. Prelim-
inary wave tank results available suggest that when iceberg/
structure impacts do occur, the impact velocities are typically
close to maximum velocities seen in open seaway conditions
[10, 29]. While the wave/ice/structure interaction is undoubt-
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edly important, it may be more effective for purposes of risk
analyses to consider the influence of the structure on the wave
field as a change in the target width seen by the berg [30].

Since a total velocity of V; + V,; would likely be reached or
exceeded several times during a 1-hr observation, or for the
duration that an iceberg might pose a threat to a structure,
the authors believe this value is a realistic choice of input
velocity for risk analysis based design models. Although the
quantitative results would change, the use of a velocity level
lower than V; to represent instantaneous velocity effects could
easily be incorporated into the method, and would not sub-
stantially change the conclusion that wave-induced motion
should be taken into account. Work underway at
C-CORE/MUN to measure full-scale, wave-induced iceberg
motion should help to clarify this matter.

5 Conclusions

A systematic method has been developed, based on three-
dimensional potential flow theory, to upgrade iceberg velocity
statistics to include wave-induced motion. The results indicate
that instantaneous rather than drift velocity data should be
used for all bergs under 1 million tonnes. Remarkably, ice-
bergs in the 10,000-100,000-tonne range can be expected to
have instantaneous impact kinetic energies 3-6 times higher
than the corresponding levels based on drift speed alone.

Work is presently underway to study and quantify the
importance of wave effects on ice/structure interactions in
much greater detail. Full-scale data are being obtained to
verify open seaway model tests; a study into the importance
of nonlinear wave effects and large ice motion is underway;
the response of icebergs in multi-directional seas is under
study; and several wave tank investigations into the influence
of the structure on nearby ice motion have been initiated. It
is hoped that this effort will improve our understanding of
wave/ice/structure interactions substantially, and lead to safe
and economical designs for structures exposed to possible
iceberg impact.
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