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Dynamic Interaction Modelling between Arctic Offshore
Structures and Ice Floe
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Abstract O1n this study, the nonlinear dynamic model of the systems which include the offshore struc-
ture, the surrounding sea water in terms of the added mass, the foundation in terms of frequency inde-
pendent springs, dashpots, and the floating ice feature with its hydrodynamic added mass, are proposed
for the problem of the large ice floes impact.

Dynamic Analysis is performed on two site conditions, sand site and silt site, and on two seasons,
winter and summer, for various ice floe velocities. As a result of study, Ice floes from energy balenced
method is lower than that from dynamic modelling on sand site, and higher than that on silt site.
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dation, the structure and the ice feature.
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Fig. 1. Schematic model of the system including the foun-
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Fig. 2. Force-penetration relationship for proposed ice ele-
ment (Impact problem).
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Fig. 3. Ice forces for impact problem.

Table 1. Ice floe data and ice parameters for impact pro-

Table 2. Structural data and parameters for impact pro-

blem blem
o = o L3 Mass (Kt) Mass M tof
o o = ass ass oment o
2% 'o’]‘l"”'“ (m) 9 9 Inertia (Kt-M)
27 (m) 300 1500
) Deck 36.3 8182
AR 2290 57300 (about water level)
FrtA A 4 0.057 0.057
F7HA% (Kt) 130 3300 Shaft
AR KL) 2420 60600 (about water level)
deoli g Variables Variables Structure 10.9 6903
/, - -
(m/sec) 0. 5m /sec 0. 1m/ Sec) Enclosed Fluids 50.3 31857
o1 0 0] 71 1. 0m/sec) 0. 5m/sec Entrained Fluids 17.6
L olzl
(i/[';;)] b 1.8 4.5 (Added Mass Coeff.
=0.35)
H 5123 2kl z)o]ebe] A Total 78.8 38760
w3l I MN/m) o £ A % Base
T2k 0 0 0 (about center of base mat.)
T2 10-4m) 69.3 173.8 Structure 189.9 565800
T2k 2(4-20m) 105 26.2 Enclosed Fluids 950.3 3114200
T2H3@m- ) 0 0 Entrained Fluids 190.1 -
F7t 4 129000 129000 (Added Mass Coeff.
FEAE 1-2 277.2(MN) 695 (MN) =0.2)
2-3 445.2 (MN) 1114. 4 (MN) Total 1330.3 3680000
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Table 3. Soil data and parameters for impact problem
(Sand Site)

Cohesion (KPa) -
Undrained Shear Strength (KPa) —

Internal Friction Angle (deg.) 35
Shear Modulus (MPa) 80
Poisson’s Ratio 0.33
Mass Density (t/m) 1.1
Max. Bearing Capacity (KPa) 478
Horizontal Rocking
Stiffness 43270 (MN/m)  4.238 x 108 (MN-m/rad)
Damping 10150 (Kt/s) 4.929 x 107 (Kt-m/sec)
Coefficient
Strength 1627 (MN) 1.22 x 105 (MN-m)

<3.78 x 105 (MN-m)>

Table 4. Soil data and parameters for impact problem (Silt
Site)

Table 5. Maximum ice forces for impact problem

CASE] A ¢ 4 %
484 Energy Sand  Silt |Energy  Sand Silt
(m/sec) \| Balanced Balanced

0.1 §350.17 322.37 254.51
0.2 |513.50 644.75 507.53
0.3 |647.83 742.72 578.41
0.4 |771.00 813.63 630.16
0.5 |876.33 896.60 676.07|176.83 204.18 179.85

0.6 196.33 229.97 215.81
0.7 213.50 236.97 231.52
0.8 231.95 244.79 239.02
0.9 248.67 253.38 247.33
1.0 264.00 262.63 256.31

Table 6. Maximum deck accelerations for impact problem

m/sec?
Cohesion (KPa) 10 -
Undrained Shear Strength (KPa) 20 o Ak 7 = i =
Internal Friction Angle (deg.) 20 E—(‘f;_:c') Sand Silt Sand Silt
Shear Modulus (MPa) 1.5
Poisson’s Ratio 0.5 0.1 0.0047 0.0244
Mass Density (t/m) 0.7 0.2 0.0094 0.0488
Max. Bearing Capacity (KPa) 107 0.3 0.0141 0.0738
0.4 0.0189 0.0977
0.5 0.0236 0.1327 | 0.0094 0.0510
Horizontal Rocking 0.6 0.0113 0.0613
Stiffness 880 (MN/m)  1.0658 x 107 (MN-m/Rad) 0.7 0.0132 0.0815
D i 1202 7. 6 (Kt-
CampnTg 202 (Kt/s) 153 x 10° (Kt-m/sec) 0.8 0.0151 0.0917
oefficient
Strength  498.7 (MN) 3.74 x 104 (MN-m) 0.9 0,0169 0.0919
<8.46 x 104 (MN-m)> 1.0 0.0188 0.1021
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