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Ice Ridge Scour Model for Estimation

of Arctic Pipeline Trench Depths

Tae-Soo Yang® - Kyung-Sik Choi**

Abstract

fce nidge scour occurring in certain cold offshore regions is a serious problem
endangering  the integrity - of seabed installations. One of the major design
considerations for arctic underwater pipelines 1s the determination of the potential
ice scour depth by ice ridge. This studv describes an energv balance model for the
occan floor scouring by ice ridges. It is assumed that the ice ridge moves along
the scouring curve at a uniform deceleration. It is also assumed that the driving
forces caused by wind and current are large enough to advance the ice ridge and
that the ice nidge is strong cnough to withstand the imposed loads by all agencies
involved. Using an ice ridge-seabed interaction process, ice scour depth is easily
calculated. The model simulates the scouring process for various environmental
parameters such as ice mass, incoming velocity, soil strength ete. This study also
deals with various interacting forces during the scouring process and discusses ice

loads which are transmitted to scabed.
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Ex+ [Fyds = [Pds+Ep @21
o714,
E Initial kinetic energy of iceridge.
Ep Instant potential energy of iceridge.
F, Drag force on ice ridge due to current and wind.
P Soil resistance of ice ridge.

ds Infinitesimal displacement increment along function ¢(x).
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%Bzztanﬂ-Bfoc(x)dH%Bd?cl

LE((I+dec) )2
= 5+ hke) hi B+ § Ut hhe) (e oe ] ota

+ %(ll + llklcl) 112 kIZCOta (22)

oq7]A,

B Width of ice ridge ; width of scour.

d Depth of scour at any instant of time during gouging.

/  Length of scour at any instant of time during gouging.

/i Length of surcharged soil on the front face of ice ridge.

a Angle of slope of displaced soil.
Angle of slope of sea bottom.

dx Infinitesimal displacement increment in the horizontal
direction of function &(x).

¢(x) Scouring curve.

¢, = tanw/ (1 — tanBtanw)
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ky = tana + tanp

= 23 s 78 4 v

h
h:llkl: /l(tana+ tan,@) (23)
W 2ol diz 4 45 ol &3ty nay 7heteb) A

d=ltanfB— {(/) (24)

Wulo] shHw s Wy A7k sfeh wigte] o9k 2o BAS F e

AT KX Up R S WWe] 2v] L5l YA Epi= A (25)0% E8o] )

Ey = % MU (25)

o] 7] A,
M Mass of ice ridge.
Uo Initial steady-state velocity

of ice ridge.
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Fgo= % Caw 0w Aw Up? (26)

1
2
4714,
A, Projected area of a submerged ice ridge normal to propelling current.
C, Drag coefficient of ice ridge due to current.

F,, Drag force on ice ridge due to current.

U, Differential velocity between propelling current and a decelerating ice ridge.

. Density of sea water.
shgel ojg $AFRe o Hog A

Fd Cda Pa A U2 (27)

1
2
3714,
A, Projected area of ice ridge normal to propelling wind.

C,, Drag coefficient of ice ridge due to wind.

F 4 Drag force on ice ridge due to wind.

U, Differential velocity between propelling wind and a decelerating ice ridge.
p, Density of air.

Welo) g 2do] AW FAWH wo| ZAER J1gold 7] HEA WAs B2
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2 o 2w 27t A4sgch Y=ol Aol g3k Coulomb
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Pi=P,(1+-4) 28)
o} 7] A,
Pu= %Kpfpsghsz

hy=d+dctanp = (1 + citanB) {/tanp— £(/)}

K, = sin(g + ¢) csco
o oo = ) — [ sin(p+6,,)sin(¢+8)
V sin(g wr y Sin(e — 8)

o} 7] A,
K ,; Coefficient of passive earth pressure on the front face of ice ridge.
h;  Height of reposed soil in front of ice ridge.
P;  Soll resistance on the front face of ice ridge.
P,, Coulomb passive earth pressure on the front face of ice ridge.
o,  Density of undramned soil.

@ Angle of ice keel with respect to horizontal plane.
@ Angle of internal friction.

¢ ., Frictional angle between ice ridge and soil.

el o 9ol #E5kE Coulomb®) FEESHE the Ao& AXteid

p,= P, 1+ (B3 0) = b ) (29

o714,

dcot 3 etan g2
})pS: l[() »ff) PngK,,sdﬂdE

K= Sin(§0+¢)_ csco '
[ (enlp =g, — | S8t u)sing

sin ¢
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o714,
K , Coefficient of the passive earth pressure on the side face of ice ridge.
P, Coulomb passive earth pressure on the side face of ice ridge.
P, Soail resistance on the front face of ice ridge.

Dummy variable.
Dummy variable.
Angle of surcharged soil with respect to sea bottom slope.

h SN S O N

w»s Frictional angle between ice ridge and soil.

Wule) vheta AW Aolo] Ageke FEAL A dstel FAYY L5
42 ASE Be 43 2ok
2
K= W,+ Py tan ¢ ./ cos  + P, tan o, —(M+m)—%§‘}2£)- (2.10)
o 7] 4],
K Contact pressure between iceridge and soil.

m Added’ mass of ice ridge.
W, Effective weight of ice ridge.

2.5 AAx|0f|LAX|

Welo] siAWF W] Aol 27E4E
of et Yue) T4 WY Foleth E@ Yule)
FEFYY 3712 JHALT WU g &

W.=0:8V—0,8V, =p;gB{(H—0.1T)*cot20 + (3.3H
+0.1T7)B, + T?*tanw + (3.3H+1.17) (3.3H —0.97 ) tanw}
— 0,&B[B,+{3.3H— ¢(x)}tanw] {3.3H~ ¢(x)}
(2.11)

71,
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B, DBreadth of keel bottom.
B, Total ice keel breadth.
g  Gravitational acceleration.
H  Sail height of ice ridge.
T Thickness of ice floe.
V' Volume of ice ridge.
Vs Submerged volume of ice ridge.
o, Density of ice ridge.
@  Keel side slope angle.
Aefof =7k Wulo) oAy i= th g Ao A,

G
Ep= . W, dz (2.12)
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Fig.3.1 Simple method of the calculating earth stress

A, = (2b+ 2ztana)® (3.1
el 2ol zol YoM 88 ¢, & e 2o

.= Abtq _ b’q
z Az (b+ztana)2

(32)

Fashn SHgoln e VA HTF ALY AAWA 7 2EeFo] 483

_ az(a®—x*+2%) ]
[(a+x)2+z2][(a—x)2+zz]

_ 2P (1. -1({___2az _
Oz = {ztan (xz-i-zz—az)

n az(a®—x*+ 2%) }
[(a+x)2+z2][(a—x)2+22]

__Aap { xz?° }

= T [(a+x)2+221[(a—2)?+2%] 3.3
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Table 4.1 Initial input data
Properties Descriptions Initial
Value
Sail Height : H 8m
Ice Thickness : T 3m
Ice Ridge Breadth : B, 24m
Properties Keel Slope @ @ 60°
Width : B 35m
Ice Density : p; 917kg/m®
Socil Density : o, 1500kg/m®
_ Internal Frictional Angle : ¢ 315
Proi?:flties Front Frictional Angle : ¢ ,, f 25.4°
Side Frictional Angle : ¢ ¢ 24°
Displaced Soil Angle : @ 33.02°
Sea Bottom Slope : 8 1:500
Scouring Curve : {(x) 0.0002x
Current Velocity 1.3m/sec
Wind Velocity 19m/sec
Environ-
mental Water Density : o, 1028kg/m°
Properties Air Density : o, 1.3kg/m’
Drag Coefficient : Cd 0.3
Added Mass Coefficient : C,, 05
Dynamic Friction Coeff. : 0.04
4.1.1 Chari®] Zzs} vz
T HAF 2d9 AF5E AN d7dws) vmy ge Chari[1][2][3]¢] Zz}}

2 ATAME FHAF 05017 £ AVBET} 50kPag] 7o a4 Fig4.1ol
A AHEgth aga AAAAZS 110, 1:250, 1:500, 1:750, 1:10000.2 W3as =9
A HEZ)E v A THFig4.2).
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Fig.4.3 Calculated scour depth due to different drag coefficients
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Fig.4.4 Calculated scour depth due to different sea bottom slopes
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Fig.4.5 Calculated scour depth due to different soil densities
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Fig.4.6 Calculated scour depth due to different scouring curves
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Fig.4.7 Calculated soil force due to different drag coefficients
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Fig.4.8 Calculated soil force due to different sea bottom slope
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Fig.4.9 Calculated soil force due to different soil densities
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Fig.4.10 Calculated soil force due to different scouring curves
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Fig.4.11a Calculated earth stresses due to different keel slopes
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Fig.4.11b Calculated earth stresses due to different keel slopes
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