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Two-parameter peridynamic simulation of failure in ice plate
with initial defects

LI Shuang'**, LU Hai—ning"?, HUANG Xiao—hua’, YANG Jian—min
(1. Hainan Research Institute, Shanghai Jiao Tong University, Sanya 572000, China; 2. State Key Laboratory of Ocean
Engineering, Shanghai Jiao Tong University, Shanghai 200240, China; 3. Key Laboratory of Disaster Prevention and
Structural Safety of Ministry of Education, Guangxi University, Nanning 530004, China; 4. School of Naval
Architecture and Ocean Engineering, Jiangsu University of Science and Technology, Zhenjiang 212100, China)

Abstract: Initial defects such as cracks or bubbles will inevitably occur during sea ice condensation, which
affect the mechanical properties of ice. To study the crack propagation and fracture characteristics of ice plate
with initial defects, based on the peridynamic (PD) theory, the tangential stiffness coefficient for bond is
introduced, a two-parameter PD method is proposed, and the two-parameter PD elastic-brittle model of ice
material is established. The new model overcomes the limitation of fixing Poisson's ratio and inherits
simplicity and stability of the traditional bond-based PD method. The model is verified by simulating the
continuous deformation of thin plate and the three-point bending test of sea ice. Furthermore, effects of
Poisson’s ratio, initial crack defects, bubble defects, ice grain size, defect shapes and multi-bubble defects on
the mechanical properties of sea ice are investigated. The results indicate that the two-parameter PD elastic-
brittle model is feasible to predict the continuous to discontinuous failure of sea ice, and the initial defects
greatly affect the initiation time and failure mode of the ice structure.
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Fig.1 Maximum relative errors between numerical and

analytical solutions under various point spacing
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Fig.6 Simulation results of failure in ice plate with different crack angles
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Fig.10 Simulation results of failure in ice plate with different ice grain sizes
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Fig.12 Schematic diagram of crack propagation on ice plate with different defect shapes
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Fig.13 Displacement along x and y axis following crack propagation in ice plate with multi-bubble defects at different time-steps
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Fig.14 Crack propagation process of ice plate with multi-bubble defects
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