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Creep Deformation Characteristics of Polycrystalline Ice and its
Numerical Simulation in the Flow of Polar Glaciers
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Abstract [J Various types of ice distribution under low temperature greatly influence the environment
of the Arctic and Antarctic Oceans. To understand fundamentals of ice properties such as Polar
glaciers, icebergs and sea ice, this study focuses on the material behaviors and failure mechanisms of
polycrystalline ice. Utilizing the continuum damage theory, a three-dimensional constitutive model to
describe creep deformation characteristics in the glacial flow is developed in consideration of micro-
cracking as the major physical process of ice deformation. The numerical model is compared with the
published experimental data especially in uniaxial constant stress creep tests. The model can simulate
primary and secondary creeps as well as tertiary creep characteristics due to the microcrack accumulation.
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Fig. 1. Ice cover in the Arctic and Antarctic regions.
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Fig. 2. Typical creep curve for ice under a constant load in
compression.
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Fig. 3. Creep test data for fine-grained polycrystalline ice
in uniaxial compression (Mellor and Cole, 1982).
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Fig. 4. Definition sketch for microcrack fields.
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Table 1. Model material parameters

E =9500 MPa
v=0.35

Young’s Modulus
Poisson’s Ratio

A=1.5x103 51 K, =1.71 X107 MPa-ns-!
K=1.2x10-3 MPa-! n=3.11

C,=1370 MPa eor=1.0%10"5

C,= —3430 MPa
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. 5. (a) Model predictions for creep strain vs. elapsed time. (b) Model predictions for axial strain-rate vs. elapsed time.
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Fig. 6. Strain-rate plots against time using nondimensional parameters (Ashby and Duval, 1985).
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