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An Experimental Study on Self-Burial of

Pipeline with Spoiler in Current

Kang, Min Joon

Department of Naval Architecture and Ocean Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Pipeline executes an important role in transporting chemically stable
substance in the form of liquid and gas types. Pipeline is universally
applicable to diversely geological features such river, ocean and on the
ground for wvarious industrial purposes. Especially field of petroleum
development, pipeline is useful for transporting crude oil and gas even if it
raises the efficiency of petroleum development where oil field exists at
marine environment. Pipeline transporting conducts over long distances
from producing area to onshore where resources consume after securing

refined oil and gas at chemical plants.

Submarine pipeline 1is adversely affected by marine environment,
especially current condition, the flow velocity is relatively high at the
shallow water where pipeline installation and operation is expected. Flow

around submarine pipeline makes transforming sand bed according to local
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scour induced vortex shedding that results additional static or dynamic
loads on pipeline to be exposed sectionally structural damage. Due to the
fact that special regard will be paid to design pipeline maintenance which

is fully able to accomplish coastal process during onset of scour.

This paper deals with the mechanism of spoiler which induces scouring
around pipeline. The design methodology taken to apply spoiler for
accelerate pipeline being self-burial into the sand-bed by approaching
experimental analysis. The experimental study is conducted to investigate
self-burial ability of submarine pipeline on two different sand diameter
consisting two sand-beds, 0.012 cm and 0.028 cm. Different heights of
spoiler attached on top of pipeline by each case. Flume test is conducted
with diameter 5 cm of PVC(Polyvinyl Chloride) pipe model applied the
spoiler height 0.0 cm, 1.7 cm and 2.5 c¢m in steady current velocity about
0.2 m/s, 0.4 m/s, and 0.55 m/s. Models and flow velocity are reduced by
scale factor(\) as 15, according to geometric and kinematic similarity.
Performed 54 cases of experiment to compare differences of scour depth
underneath a pipe and extent of self-burial in time history. Measuring
scour depth of all cases are suspended until maximum scour depth
approaches within 20 to 40 minutes. As result of experimental study, the
deepest scour depth appeared by 2.5 cm of spoiler height and the most
effective self-burial ability is disclosed at 1.7 cm of spoiler height. Figured
out the relationship between the relative scour depth and spoiler height
through applying different conditions of flow velocity and sand diameter.
Conducted analysis of scour depth by using Reynolds number. Compared of
both experimental and calculated values of scour depth according to
Kjeldsen et al. (1974) and Bijker & Leeuwenstein (1984).

KEY WORDS: Spoiler ~¥¥#; Self-burial A7} ®wj4d; Local scour =% Al=;

Free-span A} 743k Maximum scour depth ZHth Al =4
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Fig. 1.1 Burying pipeline by trenching & backfilling methodology of
Rockdumping organization



Fig. 1.2 Covering a concrete mattress on pipeline by Pipe-shield and

Deepwater company



Fig. 1.3 Saddle block tunnel by Fish-safe company

Fig. 1.4 A box type concrete cover by Pipe-shield company
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Fig. 1.6 A track of Hangzhou bay pipeline crossing project
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Fig. 1.7 Spoilers strapped on pipeline at stern of laybarge, just

before entrance to stinger by SPS company
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Fig. 1.8 View of pipeline at shore approach during low tide at

Hangzhou bay
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Fig. 2.3 Phenomenon of tunnel erosion underneath pipeline
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diameter 5 cm, Reynolds number 22500
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Table. 2.1 Seabed and flow condition for optimal spoiler performance

Complete burial expected Partial burial expected
Seabed
. Sand+maximum of 10 % silt Sand+maximum of 20 % silt
material
Tidal current Tidal current
Current
more than 0.8 m/s more than 0.4 m/s
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Fig. 3.1 Two-dimensional flow generating basin at OSEL
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Table. 3.1 Pipe model and prototype data

Pipe model Prototype
Density [kgf/m®] 1450 7800
Pipe Diameter [m] 0.05 0.76
Mass per Length [kg/m] 0.8 262

— —1.
/ / ://I)///,:"/\I
- 5
a) b)
309
N
- ,/—;’,l\ L 2 '::
(;;:”__,/ /" F —
% o

c) d)

Fig. 3.8 Models of submarine pipeline spoiler, pipe diameter 0.05 m:
a) No spoiler, b) 0.3xPipe diameter, ¢) 0.5xPipe diameter,
d) 0.5xPipe diameter with included angle 30 °
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Table. 3.2 Experimental condition for scour around submarine pipeline spoiler

* with Included angle between spoilers, 30 °

Case No.
Case 1 Case 2 Case 3 Case 4
Scour condition
Spoiler height [cm] 0 1.7 2.5 2.5%
Spoiler height/
' , 0 0.3 0.5 0.5%
Pipe diameter [D]
Pipe diameter [cm] 5
Sand diameter [cm] 0.012 & 0.028
Water depth [cm] 30
Steady flow velocity
0.2, 0.4, 0.55
[m/s]
Incident steady flow
60° & 90°

heading angle [Degree]

Set up pipe

Free & Fixed
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Scour Depth [em]
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Fig. 4.1 Developing scour depth in time history: Fixed pipe,
Pipe diameter 5 cm, Sand diameter 0.028 cm Incident steady flow heading

angle 90° , Velocity 0.45 m/s
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Table. 4.1 Time phase of onset of scour around no spoiler pipe

Set up , Incident current Height of
] Sand diameter(cm) i )

pipe heading angle( ) spoiler(cm)

Fixed 0.028 90 0

T

S
==

Time phase 15 sec

Time phase 120 sec

Time phase 2400 sec
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Table. 4.2 Time phase of onset of scour around 0.3 D spoiler pipe

Set up , Incident current Height of
] Sand diameter(cm) i )

pipe heading angle( ) spoiler(cm)

Fixed 0.028 90 1.7

Time phase 15 sec

Time phase 120 sec

Time phase 2400 sec

_30_




Table. 4.3 Time phase of onset of scour around 0.5 D spoiler pipe

Set up , Incident current Height of
] Sand diameter(cm) i )

pipe heading angle( ) spoiler(cm)

Fixed 0.028 90 2.5

Time phase 15 sec

Time phase 120 sec

Time phase 2400 sec
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Table. 4.4 Time phase of onset of scour around 0.5 D spoiler pipe with

spoiler included angle 30 °

Set up Sand Incident current ) .

. . , Height of spoiler(cm)
pipe diameter(cm) heading angle( ")
Fixed 0.028 90 2.5( included angle 30 °)

Time phase 15 sec

Time phase 120 sec

Time phase 2400 sec
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del | ARSlZo] 307 olar Eolry #A Y 1/29 A
NI =X LAY =ol7F B 9Y 1/3d wjET MEAlo] &A Ueyth ol &
Aol ARSlZE dF o= wj# ot S Al=o] EAste &

=
A zARTG AEFgo] AH3| DIsl= Row HTh

=
=
o

F
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2 —

Scour Depth [cm]

Time [min]
Fig. 4.2 Developing scour depth in time history: Fixed pipe,
Pipe diameter 5 cm, Sand diameter 0.028 cm

Incident steady flow heading angle 60° , Velocity 0.45 m/s
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Table. 4.5 Time phase of onset of scour around 0.3 D spoiler pipe

Inducing incident flow heading angle 60 °

Set up _ Incident current Height of
, Sand diameter(cm) , .
pipe heading angle( ) spoiler(cm)
Fixed 0.028 60 1.7
] u I-i-_l--l; : b J I 1] : .
Time phase 15 sec
I : I 4 "

Time phase 120 sec
Time phase | 2400 sec




Table. 4.6 Time phase of onset of scour around 0.5 D spoiler pipe with

Inducing incident flow heading angle 60 °

Set up _ Incident current Height of
, Sand diameter(cm) , .

pipe heading angle( ) spoiler(cm)

Fixed 0.028 60 2.5

EEEEN

Time phase 15 sec

Gkl cmezmaEe:

Time phase 120 sec

Time phase 2400 sec
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Table. 4.7 Time phase of onset of scour around 0.5 D spoiler pipe with

spoiler included angle 30 ° inducing incident flow heading angle 60 °

Set up . Incident current _ )

, Sand diameter(cm) , Height of spoiler(cm)
pipe heading angle( *)
Fixed 0.028 60 2.5 (included angle 30 )

Time phase 15 sec

Time phase 120 sec

Time phase 2400 sec
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Scour Depth [cm]
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A
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Time [min]
Fig. 4.3 Developing scour depth in time history: Free pipe,

Pipe diameter 5 cm, Sand diameter 0.028 cm Incident steady flow

heading angle 90° , Velocity 0.45 m/s, Spoiler height 0.0 D, 0.3 D, and

0.5 D(included angle 30° for 0.5 D spoiler only)
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Scour Depth [cm)

dn

o

Mo spoiler

0.30 Spoiler

0.50 Spoiler

0.50 Spoiler wl included angle STJ

Distance [cm]

Fig. 4.4 Cross section of equilibrium scour depth and self-burial of pipe:

Spoiler height 0.0 D, 0.3 D, and 0.5 D(included angle 30° for
0.5 D spoiler only)
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Table. 4.8 Time phase of self-burial pipe: Spoiler height 0.0 D

Time phase

e i E
R S "W T T e ————
A

insnasIREERS

Set up , Incident current Height of
_ Sand diameter(cm) i )

pipe heading angle( ) spoiler(cm)

Free 0.028 0

5 o it e i ‘hsii!i L T 1 e
2 e
ir

: --*-~='A-W»'-!!!!!!I--------“”‘ﬁiisi:ﬁ“?-""’“lgﬁ
L

2400 sec
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Table. 4.9 Time phase of self-burial pipe: Spoiler height 0.3 D

Set up , Incident current Height of
] Sand diameter(cm) i )

pipe heading angle( ) spoiler(cm)

Free 0.028 90 1.7

Time phase 2400 sec
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Table. 4.10 Time phase of self-burial pipe: Spoiler height 0.5 D

Set up , Incident current Height of
_ Sand diameter(cm) i )

pipe heading angle( ) spoiler(cm)

Free 0.028 90 2.5

ek
TE]

Time phase 15 sec

Time phase 120 sec

Time phase 2400 sec
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Table. 4.11 Time phase of self-burial pipe: Spoiler height 0.5 D*

Set up Sand Incident current . .
. . . Height of spoiler(cm)
pipe diameter(cm) heading angle(*)
Free 0.028 90 2.5 (included angle 30 *)
&
Time phase 15 sec
Time phase 120 sec
e W

Time phase 2400 sec

_43_




4.3 AHt A & Al=E I

°] 0.012 cmql HAE AgroA TAYs= A=

A4e setstnd stgnh AQ B4 mE AZAL Hol® B 93

e AAE ARks FAstE EANY AdHEo] AE 27 wjEo] e
doh AAE ARk =2ejrt 2o e 285 dEEE gEFo R fxs)
UATH EZF FR] AW {FAH Y stEoE Qld] A|¥io] ZojHAFLE EAL
PAE AFeol9l A& H(nterlocking)e] A3zt AAPAE AHE FH W o]
2hgste] A g2 AlEES FASHAIRE, A wke] Zo|rt wropbdE s

5 EALS] HA WE7} grol A7 wjdo] o] FojA 7] oA Huh whH, ARE
E Aute] FIFE(porosity)S HAAE AHRTE 7] jEo] fF5o] Ao g 3
F3517] 4, EALSY B A A Lo] d&atA dojuwA A7t wjdo] o] fojxit.

Ot

b

N

_44_



Scour Depth [cm)
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| | ——— Sand Diameter 0.012cm_0.3D Spoiler
g é é i : a a :
7Tt
0 5 10 15 20 25 30 35 40

Time [min]
Fig. 4.5 Scour around pipe with 0.3 D height of spoiler on erodible sand bed:
Sand diameter 0.012 cm, 0.028 cm
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1 e ——— Sand Diameter 0.012cm_0.5D Spoiler
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Scour Depth [cm]
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40

Fig. 4.6 Scour around pipe with 0.3 D height of spoiler on erodible sand bed:

Sand diameter 0.012 cm, 0.028 cm
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Table. 4.12 Time phase of self-burial pipe:
Spoiler height 0.3 D, Sand diameter 0.012 cm

Set up , Incident current Height of
_ Sand diameter(cm) _ .
pipe heading angle( ) spoiler(cm)

Free - 0.012 1.7

- phase 15 sec

120 sec

e

|ime phase | 2400 sec
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Table. 4.13 Time phase of self-burial pipe:
Spoiler height 0.3 D, Sand diameter 0.028 cm

Set up _ Incident current Height of
, Sand diameter(cm) , .

pipe heading angle( ") spoiler(cm)

Free 0.028 90 1.7

Time phase

Time phase

Time phase 2400 sec
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Table. 4.14 Time phase of self-burial pipe:
Spoiler height 0.5 D, Sand diameter 0.012 cm

Set up , Incident current Height of
, Sand diameter(cm) . .

pipe heading Angle(*) spoiler(cm)

Free | 0012 %0 25

F 1

Time phase 2400 sec
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Table. 4.15 Time phase of self-burial pipe:
Spoiler height 0.5 D, Sand diameter 0.028 cm

Set up _ Incident current Height of
, Sand diameter(cm) , .
pipe heading angle( ") spoiler(cm)
Free 0.028 90 2.5
Time phase 15 sec
Time phase 120 sec
Time phase 2400 sec
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0 —&

—O— Sand Diameter 0.012cm_Velocity 0.2m/s_No spoiler
: A—— Sand Diameter 0.012cm_Velocity 0.2m/s_0.3D Spoiler
i : —F— Sand Diameter 0.012cm_Velocity 0.2m/s_0.5D spoiler

g

Scour Depth [cm]

[

: : | |
I | ' I

0 5 10 15 20
Time [min]

Fig. 4.7 Scour Depth underneath three pipe models with different spoiler
height: Flow velocity 0.2 m/s, Spoiler height 0.0, 0.3, and 0.5 of pipe diameter
Sand diameter; 0.012 cm
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—— Sand Diameter 0.028cm_Velocity 0.2m/s_No spoiler
#—— Sand Diameter 0.028cm_Velocity 0.2m/s_0.3D Spoiler
—H— Sand Diameter 0.028¢cm_Velacity 0.2m/s_0.5D Spoiler
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Fig. 4.8 Scour Depth underneath three pipe models with different spoiler
height: Flow velocity 0.2 m/s, Spoiler height 0.0, 0.3, and 0.5 of pipe diameter

Sand diameter 0.028 cm
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Scour Depth [cm]

: ' ' g
N —O— Sand Diameter 0.012cm_Velocity 0.55m/s_No spoiler
R S S A— Sand Diameter 0.012¢m_Velocity 0.55m/s_0.3D Spoiler
—4— Sand Diameter 0.012cm_Velocity 0.55m/s_0.5D Spoiler
— o
2 -

0 5 10 15 20
Time [min]

Fig. 4.9 Scour Depth underneath three pipe models with different spoiler
height: Flow velocity 0.55 m/s, Spoiler height 0.0, 0.3, and 0.5 of pipe

diameter Sand diameter 0.012 cm
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Scour Depth [cm]

i * y
= : —— Sand Diameter 0.028cm_Velocity 0.55m/s_No spoiler
PR SN S A—— Sand Diameter 0.028cm_Velocity 0.55m/s_0.3D Spoiler
—H— Sand Diameter 0.028cm_Velocity 0.55m/s_0.5D Spoiler
= -y
2 | - P

Time [min]
Fig. 4.10 Scour Depth underneath three pipe models with different spoiler
height: Flow velocity 0.55 m/s, Spoiler height 0.0, 0.3, and 0.5 of pipe

diameter Sand diameter 0.028 cm
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Scour Depth [cm]

-0

Sand Diameter 0.012cm_Velocity 0.2m/s_No spoiler
Sand Diameter 0.012cm_Velocity 0.2m/s_0.3D Spoiler
Sand Diameter 0.012cm_Velocity 0.2m/s_0.50 Spoiler

Distance [cm]

Fig. 4.11 Cross section of equilibrium scour depth and self-burial of pipe:

Flow velocity 0.2 m/s, Spoiler height 0.0, 0.3 0.5 of pipe diameter, Sand

Diameter 0.012 cm
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Sand Diameter 0.028cm_Velocity 0.2m/s_No spoiler
Sand Diameter 0.028cm_Velocity 0.2m/s_0.3D Spoiler
Sand Diameter 0.028cm_Velocity 0.2m/s_0.50 Spoiler

Distance [cm]

Fig. 4.12 Cross section of equilibrium scour depth and self-burial of pipe:
Flow velocity 0.2 m/s, Spoiler height 0.0, 0.3 0.5 of pipe diameter, Sand

Diameter 0.028 cm
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Scour Depth [om]

)
Sand Diameter 0.012cm_Velocity 0.55m/s_No spoiler
Sand Diameter 0.012cm_Velocity 0.55m/s_0.3D spoiler

Sand Diameter 0.012cm_Velocity 0.55m/s_0.5D spoilerJ

Distance [cm)

Fig. 4.13 Cross section of equilibrium scour depth and self-burial of pipe:
Flow velocity 0.55 m/s, Spoiler height 0.0, 0.3 0.5 of pipe diameter, Sand

Diameter 0.012 cm
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Sand Diameter 0.028cm_Velocity 0.55m/s_No spoiler
Sand Diameter 0.028cm_Velocity 0.55mfs_0.3D Spoiler
Sand Diameter 0.028cm_Welocity 0.55m/fs_0.50 Spoiler

]
on

Scour Depth [cm]

PP W S S PR, i I/ . S S S S

-10 |I|

Distance [cm)
Fig. 4.14 Cross section of equilibrium scour depth and self-burial of pipe:
Flow velocity 0.55 m/s, Spoiler height 0.0, 0.3 0.5 of pipe diameter, Sand

Diameter 0.028 cm
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Fig. 4.15 Comparison of scour depth by experiment and

Kjeldsen’s calculation; Sand diameter 0.012 c¢cm, No spoiler case
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Fig. 4.16 Comparing values of scour depth by experiment and

Kjeldsen’s calculation; Sand diameter 0.028 cm, No spoiler case
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