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A Comparative Study of Ice Scour-Seabed Interaction Models
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ABSTRACT: The interaction of grounded ice ridges with underlying seabed is one of the major considerations in the design of Arctic pipeline
system. Previously several ice scour models were developed by researchers to describe the ice scour-seabed interaction mechanism. In view of
possible improvements, a comparative study of those ice scour models is performed and their limitation in wmodeling is discussed. Simple
laboratory tests are carried out and then the shape pattern of deposited soil around the ice model is newly defined. Unlike the rectangular
idealization of an ice block, in this modified ice scour model, trapezoidal cross sections are assumed to represent the typical shape of an ice
ridge based on the fleld observation data. With the horizontal and vertical motion of ice model, the ice scour depth and soil reacting forces on
seabed are calculated with varying the keel angle of an ice ridge.
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Table 2 Slopes of disposed soil on the front and side faces
(internal friction angle ¢=40.5" , seabed slope 1/30)

Disposed | Disposed | Disposed | Disposed | .| Disposed

Keel Soil Length| Soil Height Soil Soil | Disposed Soil | Soil
Angle | > (fm)g Length | Height | Angle (front) | Angle

(side) (side) (side)
0° 11 cm 5.8 em 4 cm 28 em 218 349
30° 105cm | 45em | 25em | L7 cm 232 342
45° 9.5 cm 43 cm 2 cm 1.5 cm 144 36.9°
60° 6.3 cm 35 em 25cm | 18 cm 29.1° 35.8°
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P, : Soil resistance force in the x-direction

Kinetic energy of ice ridge

P, : Soil resistance force in the y-direction
F, : Drag force by wind and current

E, : Potential energy

$EoA: E,= —% m V,? ©)
A7 m=p; A B

0; : Ice mass density

A : Total cross section area of ice ridge
B : Width of ice ridge

m : Mass of ice ridge

Vy: Initial velocity of ice ridge

de: F,=Fg4+Fgu (6)
o714

ng:%CdaAa V% : Drag force by wind

Fu= —é Caw A, V3 : Drag force by current

Cu + Cq, : Coefficients of drag force
V, ., V, : Relative velocities

A, , A, : Projection areas
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g : Gravitational acceleration
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A7NA m,

a, : Acceleration of ice ridge in the y-direction

Added mass of ice ridge

P, : Frictional force on the side face of ice ridge
P, : Frictional force on the front face of ice ridge
V, : Submerged volume of the ice ridge

A, : Submerged projection area of ice ridge
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Table 3 Data for sample calculation

Properties Symbols Initial Value
H 79 m
w 0-60°
fee B 35 m
0i 917 kg w’
05 1500 kg/m®
. ¢ 30°
Soi Bup Pus 2 -254°
a 33.02°
8 1/500, 1/1000
vy 1.3 m/s
Vg, 19 m/s
Environ- Ou 1024 ke/m®
ments Oa 1.0-3.0 kg/m?®
Cy 01, 02,03
Cn 0.5
Hi 01

Table 4 Comparison of the proposed model with field data

Scour Scour
Ice Size |Bottom| Scour Depth - | Depth - | Depth -
(m) Slope Observation (Present | (Yoon's
Model) Model)
1/100 | Vy=1.5m/s 0.78 m 1.0 m
Sakhalin | 200 % 20 % 30
Offshore | (L X Bx H) d=0.5-1.0m
1/1000 | max=2.13m | 021 m | 029 m
2000 x 20 < 3C| 1/100 =0.5m/s 045 m | 068 m
Be‘;iort (LxBxH) d=0.6—2.1m
1/1000 | max =4.6m 015 m 021 m
Drag coeff. 1.0
Internal friction angle 0, 30°
Water density 1024 kg/ m
Properties Soil density 1500 kg/ '
Gouging curve coeff. 0.0002
Keel angle 60°
Wall friction angle 254 J
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Fig. 13a Horizontal soil resistance with keel angle variation
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Fig. 13b Horizontal soil resistance with keel angle variation
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Fig. 14 Contact pressure changes with keel angle variation
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Fig. 16 Comparison of scour depths calculated by ice scour
models
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