
INTRODUCTION

Ice loads on offshore structures in the southern Beaufort Sea
may be limited by the force to fail the ice at the structure (typical-
ly termed the limit stress), the available environmental driving
forces and the capability of the pack ice to transmit them (typical-
ly termed the limit force), the momentum of the ice, and the force
necessary to split floes contacting the structure.  This paper sum-
marizes analyses made by Comfort, Dinovitzer and Gong (1994)
and by Comfort and Singh (1996) to quantify limit-force loadings,
and to compare them to limit-stress loads.

APPROACH AND SCENARIO CONSIDERED

The distribution of limit-stress and limit-force loadings was
predicted using Monte Carlo analyses for the interaction of an
Extreme Ice Feature (EIF) with a structure.  This assumed sce-
nario commences with EIFs being generated north of the southern
Beaufort Sea, and then drifting towards the area of interest (which
was considered to lie between latitudes 70° and 71° N, and longi-
tudes 132.5° and 135°W).  When an EIF was near the structure, it
was assumed to move towards the structure, and to possibly con-
tact it. If contact occurred, the EIF was assumed to lodge in front
of the structure and stop there.  Then, large pack-ice driving
forces were assumed to build up, and the resulting structure load
was limited by either limit-stress or limit-force conditions. The
annual load probability exceedence distribution was analyzed for
structures at four locations covering the geographic area of inter-
est for cases where only limit-force or limit-stress ice failures
were allowed to occur  (Cases A and B, respectively), and for the
case where limit-stress and limit-force ice failures were both
allowed to occur (Case C).

LIMIT-FORCE LOADS ON STRUCTURE:
CALCULATION APPROACH

Eq. 1 was used to calculate the limit-force load, Flf, during
steady-state rubble building  (Fig. 1):

Flf = DLp + 2lm (Lq cosq + Lp sinq) (1)

where l = the length of the rubble cone; q = the half angle of the
rubble cone; m = the friction factor along the boundary between
the stationary rubble cone and the moving pack ice, related to the
internal friction angle of ice rubble f, as m =tan f; D = the width
of the floe lodged in front of the structure; Lp = the pack-ice line
load along the ice drift direction; and Lq = the pack-ice line load
normal to the ice drift direction.

The shape and size of the rubble cone are related to the degree
of confinement in the pack ice.  Assuming that the rubble cone is
formed with minimum force, Lp can be related to Lq by minimiz-
ing Eq. 1 with respect to the half angle of the rubble cone.  This
gives:

Lp = Lq tanq (2)

A value of 30° was used for the half-angle of the rubble cone
based on available field data for large rubble fields (Fig. 2).  The
friction angle was also taken to be 30°.  This was selected by
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ABSTRACT

The loads on an Arctic offshore structure may be governed by the force necessary to fail the ice at the structure or the
environmental forces available to drive the ice past the structure.  The factors controlling limit-force loads were investigated,
and the likely magnitudes of these loads were established.  Limit-force and limit-stress loads were compared for a scenario
in which an Extreme Ice Feature interacts with an offshore structure.  Probabilistic descriptions were produced for all key
parameters, and Monte Carlo analyses were carried out.  The analyses showed that, at exceedence probability levels of inter-
est for design, extreme ice loads on the structure are likely to be reduced significantly by the available driving forces, in com-
parison to the case where only limit-stress loads are considered.  However, the analyses can be considered only preliminary
as more data are required to define the essential variables, and other load limits, such as limit momentum, need to be consid-
ered.
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loads. Fig. 1   Development of rubble cone ahead of lodged ice floe




