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Fig.1 Linear softening contact model of fracture of bonded elements
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Fig.4 Contact modes between sea ice element and cylindrical structure
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Fig.6 Element position in space grid
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Table 1 Major computational parameters of DEM simulation of

dynamic ice load on conical structure

Definition Symbol Values
sea water density pw/ (kg-m3) 1035
current drag caicient Cp 0.005
ice velocity V/(m-s1) 0.43
ice thickness hi /m 0.23
initial ice cover area ax b/m? 20x15
elastic modulus of Ice E/GPa 1.0
bonding strength ot/MPa 0.95
ice density pi/(kg-m3) 900
cone diameter Dpile/m 2.85
angle of cone a/(°) 60
particle size D/m 0.094
number of particles Np 117024

(a)t=00s

(b)t=31s

(c)t=92s

P 9 BSOS HEAR 5 A AT AR )i R
Fig.9 The interaction between sea ice and conical structure simulated

with DEM
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with DEM (continued) Fig. 11 Sketch of the interaction between sea ice and jack-up platform
structure
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0 ' current velocity V/(ms™) 1.0
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Fig. 10 Dynamic ice load on conical structure
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# 3 BARNGEFFEEHRIKNHBHTITEER
Table 3 Simulated ice loads on piles of jackup platform
simulated with DEM

Legs of Jack-up platform 1# 2# 3#
maximum  x-direction 1475.3 1001.1 1050.0
iceloadg  y-direction 1261.1 737.9 503.1

kN zdirection 162.2 102.5 131.4
average Xx-direction  79.3 44.3 36.3
(b)t=150s iceloadg  y-direction 280 332 -115
kN zdirection 1.1 -41 -25

()t =594s (@t=15s (b)t=104s

(c)t=208s (d)t=445s

(d)t=742s
12 BHOTBRL UK 5 T2 & R EAE R R (48) Pl 13 ERR 155 E0RAH BAT LR

Fig.12 The interaction between sea ice and jack-up platform simulated Fig. 13 The interaction between sea ice and leg 1 of jack-up platform

with DEM (continued) simulated with DEM
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Fig. 14 Dynamic ice loads on leg 1 of jack-up platform simulated with DEM
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Fig. 14 Dynamic ice loads on leg 1 of jack-up platform simulated with DEM (continued)
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Fig. 15 Dynamic ice loads on leg 2 of jack-up platform simulated with

DEM
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Fig. 16 Dynamic ice loads on leg 3 of jack-up platform simulated with

DEM
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GPU-BASED DISCRETE ELEMENT MODELLING OF INTERACTION BETWEEN SEA
ICE AND JACK-UP PLATFORM STRUCTURE Y

Di Shaocheng Ji Shunyify
(State Key Laboratory of Structural Analysis for Industrial EquipmeBalian University of TechnologyDalian 116023 China)

Abstract During the interaction between sea ice and jack-up platform, the ice load is the key féebbing vibration
response and fatigue life of the structure. In this study, a discrete element method (DEM) with bonding-breaking function
is developed to simulate the breakage characteristics of ice cover and the relative ice load on platform structure. According
to the demand in the large scale DEM simulation between the sea ice and the jack-up platform structure with multi-legs,
a parallel algorithm with high féciency is established based on GPU (Graphical Processing Units) technique. In this
algorithm, the element neighbor lists are generated with the sorting approach of cell index. The contact modes anc
contact forces between element-element and element-structure are determined. Meanwhile, the global ice load on jack-L
structure can also be obtained. Moreover, the contact models between spherical element and cylindrical structure are al
developed to determine the interaction between ice cover and jack-up structure. To validate this GPU-based DEM, the
interaction between sea ice and conical jack&hmre structure is simulated and compared well with the field data in

the Bohai Sea. Moreover, the ice loads on jack-up structure with multi-legs are simulated. The breakage characteristic
of sea ice during the dynamic interaction and the ice loads on each structure legs are obtained. This GPU-based DEN
can be applied to determine the ice loads dfedent dfshore structures for ice-resisted structure design and ice-induced
structure fatigue analysis.

Key words sea ice, jack-up platform, discrete element model, GPU parallel computation
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