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Particle—based Numerical Simulation of Continuous |ce Breaking Process
around Wedge—type Model Ship
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This paper covers the development of prediction techniques for ice load on ice—breakers operating in continuous ice—breaking
under level ice conditions using particle—based continuum mechanics, Ice is assumed to be a linear elastic material until the
fracture occurs, The maximum normal stress theory is used for the criterion of fracture, The location of the crack can be expressed
using a local scalar function consisting of the gradient of the first principal stress and the corresponding eigen—vector, This
expression is used to determine the relative position of particle pair to the new crack, The Hertz contact model is introduced
to consider the coallisions between ice fragments and the collisions between hull and ice fragments, In order to verify the developed
technique, the simulation results for the three—point bending problems of ice—specimen and the continuous ice—breaking problem
around a wedge—type model ship with bow angle of 20° are compared with the experimental results carrying out at Korea Research
Institute of Ships and Ocean Engineering (KRISO).

Keywords : Ice resistance(2! X&), Particle—based simulation(X7 [EH A[Z21|0]A), Continuous ice breaking($s A1) Model ship
with wedge—type bow(#|7|18 M4 BEM) 3—point bending test(3d =& AIE)
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Table 1 Raw data of three—point bending test cases

Exp. No. | B(m) H(m) P...(N) 5(m)

Case 01 0.0790 0.0390 441.3 0.00100
Case 02 | 0.1131 0.0502 1432 0.00122
Case 03 | 0.0978 0.0555 2070 0.00091
Case 04 | 0.1010 0.0603 2889 0.00150

Table 2 Calculated material properties of ice beam

_ 1 1 1 1 E . N . MP |
20 003 006 009 042 015 x0. No. | EXMPa) | oy (MP0) | € ce type
Time (sec) Case 01 137.3 0.99 0.0072 | Freshwater ice
Fig. 8 Time history of longitudinal normal stress at two Case 02 | 62.91 1.10 0.0175 Model ice
mid—points on top and bottom surface of ice beam Case 03 | 103.4 152 00145 Model ice
9 Case 04 | 67.11 1.72 0.0256 Model ice
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Fig. 12 Schematic view of wedge used for level-ice test
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Fig. 13 Initial set-up of simulation for level-ice test

Table 3 Other material properties of ice

Material property Value
Youngs modulus (GPa) 0.11
Poisson ratio 0.3
Fracture strength (kPa) 29.8
Friction coefficient 0.24
Ice density (kg/m3) 0.89x10°

Table 4 Test matrix of the wedge level-ice simulation

Convergence tests for particle size

Case No. L1 L2(V1) L3
Particle size (m) 0.0140 0.0093 0.0070
(h/2) (h/3) (h/4)

Wedge speed (m/sec) 0.6 0.6 0.6

Tests for different speed of wedge

Case No. V1(L2) V2 V3
Particle size (m) 0.0093 0.0093 0.0093
(h/3) (h/3) (h/3)

Wedge speed (m/sec) 0.6 0.4 0.2
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Table 4 Specification of HPC used in simulation

CPU Intel(R) Xeon(R) E5-2690 v4
Main frequency (GHz) 2.60
Single node core number 28
RAM (GB) 128
Number of nodes 2~9
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