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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 systems. 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 modeling 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 field 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 model.
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Fig.1 Forces exerted on Ice mass during seabed scouring
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Table 3 Disposed soll angle

(internal friction angle ¢=40.5, bottom slope 1/30)

Disposed | Disposed | Disposed | Disposed Disposed

Keel Soil Soil Sail Soll  |Disposed Sod| Soil
Angle| Length Height Length Height |Angle (front)| Angle
(front) (front) (side) (side) (side)

o 11 cm 5.8 cm 4 cm 28 cm 27.8° U9
30° 105 cm 45 cm 25 cm 17 em 232° A2
45° 95 em 43 cm 2 cm 15 cm 24.4° 36.9°
60° 6.3 cm 35 cem 25 cm 18 cm 29.1° By

3 o] 7|E9 WAFE Edo
TS 7 At ZHkeel angle)-&
1= e A=sH

Figox EZFox HAHE il Hde o]isid
PArolth(R). WEHNAN FHARL Eol(sail height)®
W3R Zol(keel depth)9e] 54 v && ©]&3td
A%, adoA We] dHHL

A = H?cot20°+ 0.5% (B,+1)xh, (D

o714 H : Sail height
h; . Height of ice ridge
B, Breadth of keel bottom

I, : Breadth of ice ridge at waterline

Fig.9 ldealized ice ndge model with a trapezoidal cross section
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A Ly o A& wgzce
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20 (1+ kCDE L3+ B[2(dC, + L)k +3Btana(l + &, C)]L?

- 3Btano(L*tan f—2 fo tx)de+ dC)=0 (3)
o]7]Ad  tana+tanf=4k,
. tanw
G= 1—tanw tanf
d=Ltanf— & L)

43 ol L X W A
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Fig.10 Side profile of the disposed soil around an ice ridge

o7]14  E, : Kinetic energy of ice ridge

P, : Soail resistance force in the x-direction
P,, : Soil resistance force in the y-direction
F; : Drag force

E, : Potential energy

EFANIA: E=tm 1 (5)
o714 m=p, AB
o,  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

8. F;=Fu,+Fg, (6)

o714, Fu=-+CuA, V2 : Drag force by wind

— NI""

Fu=—5CumA, V. : Drag force by current

no

Ca , Cg - Coefficients of drag force
V., V. - Relative velocities of drag force
A, , A, : Projection areas

EAAFYE: EdATHEL Coulombd] FEEYOIESL A}
3t AW Fde Zgste #HA wEZA (d,,
] "ol Fgste $3E

= —K,,fps g hfZB (7)
o714 K, : Coefficient of passive earth pressure on

the front fac of ice ridge
o, - Density of saturated soil

g Gravitational acceleration
B = B
hy =(h+d)(1+ C tanp) (€]
K= [ sin(p+ ¢()csci ) ) 2 o)
o _ | _sin(¢+4,9sin(g+ 8
V sin(g— @) sin(p—B)
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Fig.11 Various Interaction forces acting on ice ridge model
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m, - Added mass of ice ridge
a,  Acceleration of ice ridge in the y-direction
P, : Frictional force on the side face of ice
ridge
P, : Frictional force on the front face of ice
ridge
W, : Effective weight of ice ridge
V. : Submerged volume of the ice ridge
A, : Submerged projection area of ice ridge
AAUA: Wrds gXvAE FEFTHN WE +
Huragko] WS HEFozH T F Uk F HAA Y
Aol Ade A2 A WA FEFTE ST A
Z o]EA7E © AEHE AR AT F Utk
E=[w a (20)
5 Fxlsi4 Hxz
Table 4& FHsE AA 7] wE HILF 542
gotats] 9o A48 AFEY el AN mde

Adsgc. FAH4 2
stof] g vXE Z+ WFEE - 9593 Ak(bottom slope),
&2 A3 (drag coefficient.), &A% A 5 (gouging curve
coefficient), Ewv}# A 4(dynamic frictional coefficient) -
o oA FEY AAZLY WREL o] &3 AT HHE

Ea8 o AL olv Feyyl Wl FHEE FAZ
o
=

Aol 21 Fo7}

=

A Aol E S8 Hestach

_140-



W - AAAL FEAE 2L HLET

Table 4 Data for sample caiculation

Properties Symbols Initial Value
H 79 m
Bb Each Value
Ice w 0-60°
B 3 m
0, 917 kg/m®
Os 1500 kg m®
é 30°
Soil Dur 2 - B4
B 2 - B4
o 33.02°
B 1/500, 1/1000
20 13 m/s
U, 19 mys
Environme Ow 1024 kg/m®
ats Pa 1.0-30 ke/m®
Cq 01, 02, 03
Cn 05
Hi 0.1
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Fig.12a Scour depth changes with keel angle variation
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Fig.12b Scour depth changes with keel angle variation
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Fig.13a Honzontal soil resistance force with keel angle vanation
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Table 6 Comparison of calculated scour depth to 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 078 m 1.0 m
Sakhalin | 200 %20 % 30 g )
Offshore | (L x Bx H) =0.5-1.0m
1/1000 | max =2.13m 021 m 029 m
x20% 3¢ 17100 | Vo=0.5m/s 045 m | 068m
Beaufort 2000 %20 x 3C 0
Seq | (LXBXH) d=0.6-2.1m
1/1000 | max =4.6m 015m | 02l m
Drag coeff. 1.0
Internal friction angle 0, 30°
Water density 1024 kg/m’
Properties Soil density 1500 kg/ m®
Gouging curve coeff. 0.0002
Keel angle 60°
Wall friction angle 254°
HoFdl
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