








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the boundary conditions are quite different from those met
under full scale conditions. Rafting of thin ice floes is a
common process also in the Northern Baltic, as described
by Lensu (1993). A common situation is that during a short,
calm and cold period a sea area becomes covered by 5-20
mm thick new ice which is then broken and rafted by strong
winds. Thickness increases by such rafting events have been
as high as 700 %.

The two-dimensional circular floe based DEMs men-
tioned in the introduction will not predict the ice-ice inter-
action correctly after the onset of rafting. This applies also
for models based on a collisional rheology. Indeed, the whole
foundation of this theory is the assumption that ridging oc-
curs to little extent in the MIZ, energy dissipation occurs
through the inelasticity of the floe-floe collisions. Mathe-
matically, as the maximum compactness is reached a col-
lisional stress becomes singular. This was pointed out by
Shen et al. (1987), who concluded that a different mecha-
nism may exist in that extreme.

The viscous-plastic rheology models the stress state also
after the onset of ridging. When modeling pack ice dynam-
ics, the ridging process is modeled as rigid plastic flow (as-
suming a flow rule) independent of strain rate. The present
laboratory results do, however, indicate that the rafting
mechanism may be strain rate (i.e. compaction rate) de-
pendent. In that case a different mechanism should be used
to model the rafting behavior. If this strain rate dependency
is attributed to the frictional resistance, with the frictional
coefficient in a Coulomb friction model having different val-
ues for different strain rates, this could be of importance
also for central pack modeling. In a series of numerical ex-
periments with a discrete element model, Hopkins (1994)
found that the ridging process is sensitive to the friction
coefficient. Any strain rate dependency of the friction co-
efficient may thus influence the ice field stress state under
central pack conditions.

The results given in this paper will be used to verify
the performance of DEMs facilitating rafting (cf. Hopkins
et al., 1997), and assist in the procedure of implementing
rafting into numerical models in a physically sound way.
With DEMs, simulations can be performed on a local scale
running numerical experiments on the sensitivity to com-
paction rate and the frictional coefficient on the ice field
stress state. This may again serve as an input to contin-
uum type models intended for large scale modeling of M1Z
dynamics. Further ice tank tests should also be performed,
in a wider range of compaction rates and initial concentra-
tions. Finally, efforts should be devoted to studies of the
frictional coefficient under full scale conditions.

SUMMARY

Ice tank tests to study rafting of circular ice floes have been
performed. The motivation of the work was to study MI7
dynamics and to obtain calibration data for discrete ele-
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ment simulations. It was found that in the thinner parts
of the MIZ the three dimensional effect of rafting plays an
important role in the deformation characteristics; an effect
to little extent included in current modeling. The results in-
dicate that the stress state in the MIZ may be compaction
rate dependent when extensive rafting occurs. This can pos-
sibly be attributed to the frictional contact between floes.
Further tests, in a wider range of compaction rates, as well
as numerical experiments on the sensitivity to the ice-ice
friction coefficient should be performed in order to clarify
this issue.
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