)é« THE 34TH INTERNATIONAL CONFERENCE ON COASTAL ENGINEERING ICCEzfﬂ 4

ICCE2014 JUNE 15-20, 2014 THE K SEOUL HOTEL, SEOUL KOREA

TIME DEVELOPMENT OF LOCAL SCOUR DEPTH BELOW PIPELINES EXPOSED TO WAVES

Mustafa Dogan and Yalcin Ariso
Poster Code: P 1D1 fa Dog 4
Civil Engineering Department, Dokuz Eylul University, Izmir/TURKEY
Abstract #: 7272 mustafa.dogan@deu.edu.tr yalcin.arisoy@deu.edu.tr
IZMIR-1982 N
AIM OF THE STUDY In the study, the experiments were carried out with three different grain sizes of
| | | . . . | bed materials, three different diameters of pipes and four different types of
The aim of this study is to find an empirical formula to predict the time regular waves. The characteristic parameters of the experimental variables and
development of local scour below a pipeline laid on an erodible bed. This paper s a some of the calculated data are shown in Table 1.
part of ongoing research projects investigating the scour below submerged
pipelines due to regular waves. These projects cover the range of the following Table 1. The summary of the experimental data and calculated data
topics; equilibrium scour depth, time-dependent scour depth, time scale of scour Experiment | D | dy, | T, H U, a | Ugp | KC | Re, | @ 6, | scourRegime | S
- - - Number mim mim 5 cm cm cm cmds mim
process, scour development along the pipe, and scour protection. This poster 1 e = B e e R e MR VS VTS Y. T B Fyarverm i
contains only the second phase of the research mentioned above. A speciﬁc 2 63 1.85 2.7 30 477 | 212 | 392 | 204 | 77.36 | 0.058 | 0.047 | Live-bed 25.0
Q-G : : : 1 i ) 3 63 3.70 21 30 47.7 212 3.92 20 4 171.3 | 0034 | 0047 | Clear-water 23.3
emplrlcal relatlon.shlp for computlng the “Temporal Variation of Scour Depth ; T By B e B T T TV W B
(Flgure 1) was derived from the experlmental data. 5 63 1.85 3.1 24 387 | 204 | 334 | 190 | 6308 | 0.039 | 0.047 | Clear-water | 16.1
; 6 63 3.70 3.1 24 387 20.4 3.34 19.0 139.7 | 0023 | 0.047 | Clear-water 13.6
0 Iime . T 63 0.59 3.6 16 290 16.4 2. 70 16.6 12.41 0.057 | 0.033 Live-bed 24 6
8 63 1.85 3.6 16 29.0 16.4 2.70 16.6 4806 | 0023 | 0.045 | Clear-water 20.2
9 63 3.79 3.6 16 290 16.4 270 16.6 107.5 | 0.014 | 0.047 | Clear-water 13.2
10 63 0.59 4.3 13 29.9 16.6 204 17.7 11.06 | 0.045 | 0.032 Live-bed 24 3
@ 11 63 1.85 4.3 13 29.9 16.6 2 04 111 43.30 | 0.018 | 0.045 | Clear-water 15.1
< 12 63 3.70 4.3 13 209 16.6 2 04 LT 9589 | 0.011 0.047 | Clear-water 16.4
%L 13 90 0.59 v | 30 47.7 21.2 3.92 14.3 19.76 | 0145 | 0.039 Live-bed 20.7
< Temporal Scour Depths (St) 14 90 1.85 21 30 47.7 21.2 3.92 14.3 736 | 0058 | 0.047 Live-bed 12.5
% Ve 159 90 3.70 4l 30 47 7 2.7 3.92 14 3 171.3 | 0034 | 0047 | Clear-water 13.0
2 16 90 3.70 3.1 24 38.7 204 3.34 13.3 139.7 | 0025 | 0047 | Clear-water 20.0
N \t\ - _quﬁibrmmgcoﬁr DED’[I‘I_(S)_ 1f 90 3.70 3.6 16 29.0 16.4 2.70 11.6 107.5 | 0.014 | 0.047 | Clear-water 8.8
(T) 18 90 0.59 4.3 13 29.9 16.6 2.04 12.4 11.06 | 0.045 | 0.032 Live-bed 15.0
- 19 90 1.85 4.3 13 29.9 16.6 204 12.4 43.30 | 0.018 | 0.045 | Clear-water 20.0
Time Scale :
20 110 0.55 2T 30 47.7 21.2 3.92 .7 19.76 | 0.145 | 0.035 Live-bed 19.1
21 110 1.85 w0 30 47.7 21.2 3.92 11.7 7736 | 0058 | 0.047 Live-bed 19.1
v 22 110 3.70 il § 30 47.7 21.2 3.92 11.7 171.3 | 0.034 | 0047 | Clear-water 16.9
. . _L° . . 23 110 0.55 3.1 24 38.7 20.4 3.34 10.9 16.12 | 0.096 | 0.034 Live-bed 19.0
Flgure 1. The Varlatlon Of the scour depth Wlth tlme 24 110 1.85 3.1 24 387 204 3.34 10.9 63068 | 0039 | 0.047 | Clear-water 154
20 110 3.70 3.1 24 38.7 204 3.34 10.9 139.7 | 0023 | 0047 | Clear-water 18.1

a = The amplitude of horizontal component of orbital motion of water particles, Re, = Grain Reynolds number, S . = The critical value of Shields parameter

The book by Sumer and Fredsge (2002) is the most significant literature, which
covers all research in this field, until its publication date. In their book, they stated RESULTS

that the time variation of scour depth can be represented by the following formula , , ,
A review of the experimental data has shown that the time development of scour

S —§ 1_e_t/T (1) depths underneath the test pipe area is coming into sight with two phases
t — (developing and equilibrium stages), similar to the previous studies. S, /D non-
dimensional time dependent scour depth for the live-bed scour regime can be

in which S, is the time dependent scour depth, S is the equilibrium scour depth, t ,
represented by least-square fit;

denotes time, and T is the “time scale” of the scour process. Sumer and Fredsge

also mdlca-?ted that Keulegal?-Carpenter number (.KC) an.d Shields para:lmeter (9). are S 00012 KG 23 6?1/3 1 ~0.005t. (4)
the most important governing parameters for dimensionless analysis of the time- E — VY. —€
development of local scour under the wave conditions.
U T U where t. denotes the non-dimensional time variable as it is described below,
KC=—" ", f= (2), (3)
D g(s—-1)ds, 9 (s-1) dy, (5)
{, = 5 { >
where, U, is the maximum value of the velocity of the orbital motion of water
particles at the pipe axis, T, wave period, D pipe diameter, Uy, the maximum value Some actual measurements and calculated values from Eq.(4) are plotted in
of bed shear velocity, g acceleration due to gravity, s specific gravity of sediment Figure 4.
grains, and d., grain sizes. In the present study, an empirical relation between time
dependent scour depth and KC - O pair was investigated based on the e
experimental data. . e Exp.D=63 mm; Tw=3.6 s; Hw=16 cm; d50=0.55 mm
0.1 - A

EXPERIMENTAL SET-UP AND PROCEDURE

The experimental test program was conducted in a wave channel 33 m long, 3.6 m 02 -
wide and 1.2 m deep (Figure 2). The wave channel has a plunger type wave

KC—16:6; 0005700035

S/D
generator at one end, and a sloping wave absorber at the other end to eliminate 2 - e . .

5 5 5 5 5 5 . 5 L P E
re.eﬂectlon waves. .Ad].ustment of mp.ut wave p.arameters was ma.untalned .WIt.h the . i L6036 €. 1500 2000 2500
aid of an electronic pitch control unit. The horizontal water particle velocity in the -

pipe axis, time-dependent scour depths, T, H and U, values were determined
through an Ultrasonic Velocity Profiler (UVP) device and an Ultra Lab System @
(ULS), their transducers and associated software (Figure 3).

e Exp.D=90 mm; Tw=4.3s; Hw=13 cm; d50=0.55 mm

—Eq. (4)
KC=12.4; 0=0.045;0,=0.032
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' | | The experiments has revealed that scour process below a submerged pipe is
. 2650 cm - 650 cm k . .
) = : dominated by both Keulegan-Carpenter number and Shields parameter. An
Figure 2. Pictures and schematic description of the experimental set-up empirical relationship, which includes these well-known dimensionless numbers,
has been suggested to describe the temporal variation of scour depth below
Computer pipelines due to regular waves. Thus, the characteristics both of incident wave and
Offshore Side Onshore Side . - . .
e bed material can be adapted easily to the computation of time dependent scour
ULS board UVP board Ive-

depths by way of these parameters. The proposed formula is valid only for the
= el \J/N/\_H bed regime; but the selection of a wide range of the grain sizes of seabed
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materials can be considered as a contribution to the study of the scour below
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Figure 3. Position of the ultrasonic devices used in the present study *DEU Engineering Faculty Hydraulic Laboratory Researchers and Staff
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