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Table 1 The preliminary parameters of the model elements
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Fig.2 The stress-strain curves of different

element compactness
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Fig.4 Comparison of numerical and experimental uniaxial

compression stress-strain curves
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Table 3 The contact model parameters after calibration
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Table 4 The test conditions of numerical simulation
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for horizontally (a) and vertically (b) loaded sea ice samples
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Numerical study on the effect of pore on the uniaxial
compressive strength of granular sea ice

Wu Jiahe', Wang Qingkai?, LiJinzhao', LuPeng', Li Zhijun'

(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China; 2. Polar Research
Institute of China, Ministry of Natural Resources, Shanghai 200136, China)

Abstract: Strength is one of the key properties effect the interaction between sea ice and structures. Brine pockets
and air bubbles in sea ice have important effects on the strength of sea ice. In order to explore the effects of ice pore
structure such as porosity, shape and size distribution on the mechanical properties of sea ice from a microscopic
perspective, a numerical sea ice model including pores was established based on the discrete element method to sim-
ulate the uniaxial compression process under brittle failure of granular ice in the directions of horizontal and vertic-
al to ice surface. In the numerical simulation, the pore size was set to conform to uniform distribution, standard nor-
mal distribution, and Gamma distribution. Results show that porosity is the main factor affecting the strength of sea
ice, and sea ice uniaxial compressive strength and elastic modulus decrease with the increase of porosity. When the
compressive stress reaches extreme value, the cracks in sea ice develop rapidly. The cracks around circular pores
develop mainly along the loading direction, and thus, the final failure of horizontally loaded ice samples exhibits
large cracks. While the cracks around elliptic pores are easy to develop into crack band.When sea ice porosity is the
same, the types of pore size distributions and locations of pores in ice have little effect on the uniaxial compressive

strength and elastic modulus, but the development modes of cracks in sea ice are affected.

Key words: sea ice; pore; uniaxial compressive strength; elastic modulus; DEM
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