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(January 27, 2002)
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Fig.3 The “Xuelong” icebreaker and the ship hull model
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Table 1 Major computational parameters of the ship hull

Definition Symbol Value
length L 160m
width B 27m
height H 14m

draught D 9Im
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Fig. 7 Contact detection between sea ice element and ship hull element
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Table 2 Computational parameters in the DEM simulation of ice floe-ship hull interaction

Definition Symbol Value Definition Symbol Value
water density Pw 1010 kgm?3 ice density p 900 kgmd®
ice floe size parameter R 4m~6m ice thickness parameter r 0.3m
initial ice concentration C 0.5 ice elasticity modulus E 0.8GPa
normal drag coféicient Ci 0.6 tangential drag cdiécient Cg 0.06
added mass c@iécient Cm 0.15 floe surface friction Hpp 0.35
viscous damping cdgcient &n 0.4 time step At 0.005s
domain length L 600m domain width B 150m
flow velocity Vwater 0.4m's navigational speed Vship 4.0m's
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Fig. 8 Snapshots of the interaction between ship hull and ice floefatedit times
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Fig.9 Snapshots of the collision of ice floe with ship hull

WFUKO A S B R i Ze an B 10 o, mTRL A7 1) b s KUK I IR AE. Fmax 20531 4 815 kN F
K, UKEAT I AR RN S ILG. 7E x 77 201N, HIYMH Frean 754 166 kN,—4.16 kN. L AT
), BOMSAOATAT 5 0, UKo IEAEs AEy 7 DL, FROKRH IR A 45 4 1 5 B AR v A M A LA T
by VKA BT 0, LR RO A, 75 %, y 5 Til, i RS AA] i £ BHL T RT L 220,



874 Vi 2% 2 £ 2013 4F % 45 4
1000 400
800 200
Z 600 Z
=~ i)
R = 0
400 ~
200 N —-200
0 ‘| %mml I —400 :
0 10 20 30 40 50 60 0 10 20 30 40 50 60

t/s
() x MyKh

(a) Ice load in thex direction

/s

(b)y MKy
(b) Ice load in they direction

10 B HOCHE IR DI S A B DK g P 7

Fig. 10 Dynamic ice loads on the ship hull based on DEM simulations
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Fig. 12 Ice loads on ship hull underfiiirent ice conditions in broken ice field
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ANALYSIS OF SHIP MANEUVERING PERFORMANCES AND ICE LOADS ON SHIP
HULL WITH DISCRETE ELEMENT MODEL IN BROKEN-ICE FIELDS Y

Li Zilin** Liu Yu™ Sun Shanshdn Lu Yunliang’" Ji Shunying?
*(China Ship Scientific Research Centé&/uxi214082 Ching)
T(State Key Laboratory of Structural Analysis for Industrial EquipmeBalian University of Technology Dalian 116023 Ching)
**(Key Laboratory of Research on Marine Hazards Forecastifgtional Marine Environment Forecasting CenteBeijing 100081 China)

Abstract With the development of navigation channels in Arctic regions andasl exploitations in cold fields, the
investigation of ice load on ship hull is required urgently iffsbhore engineering under various ice and maneuvering con-
ditions. In this paper, the discrete element method (DEM) is adopted to simulate the interactions between drifting ice floes
and a moving ship. The pancake ice floes are modeled with three-dimensional discrete elements considering the buoyanc
drag force and added mass of current. The ship hull is constructed with triangle elements. The interaction between ice
floe and ship hull is determined through element contact detection and impact force calculation. The influences of ice
conditions (current velocities and directions, ice thicknesses, concentrations and ice floe sizes) and navigational speed ¢
the dynamic ice forces of ship hull are examined. This work is of reference value to the ship structure design and the
navigation security in ice-covered fields reseaches.

Key words discrete element model (DEM), broken ice field, ship Hull, ice load
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