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Abstract [] In order to ensure that submarine pipelines are stable and functional during their project lives,
attention must be paid to possibility of their local scouring. When a pipeline is placed on an erodible bed, scour
will develop and cause the spanning of the pipeline. If they were destroyed partially or fully, it might cause
enormous restoration expenses and contamination of sea water. This paper aims at examining the characteristics
of the scour and the prediction of the local scour depths around the submarine pipelines. The pipelines on the
model beach with the uniform slope are placed, and the local scour depths around the pipelines are obtained
according to the various wave steepnesses. Using the experimental results, some parameters needed for analyses
are calculated. Finally, empirical equations of the scour depth around the pipelines are suggested through the

correlation analyses between the relative scour depth, the KC number and Modified Ursell number.

Keywords : submarine pipeline, slope beach, local scour, KC number, modified Ursell number
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Fig. 1. Lec-wake effect in waves.

As|41E F3lo] KC 51k 4 Ursell 525} 2L 5314
AAEE o148 FAFo| 22 o451 Yo},

2.1 RS0 THE ATHMIE Y
stof, ofgt @olae) HRATO YIS FE 2
Fraoe dehw ted 2o

S/D=f(Re, 8, KC, d/H, d/D, H/L) 0

Y
i

A71M s M2, De B, die 4 v, ap
= AREAE, B2 A 6% Shields ot}
Stmer®} Fredspe(1990y& AlFzdlo] #o] x5o] ¢
a4 AR dFE LEAS gohir] AsA, Bo)
SFYEER 93] AR 0T 7P s Adrs
k/D>200x107(k =Nikuradse®] 2.8 Z%)8} k/D=0.1(k/
D=200x107, k=2 k%] ZANA D P2 s, 2
o B 2EE AEale] 938 FA BFE G
Skit, =& HolEE 27} 10°<Re<10°) WSl M M E
Aol B2 AR Sethes 28 ddgion, golsrs
ok A HlEA Atole] A} BE8EA) oo 7
SE AR BF v & ()R FRAE Shields F
Eg Az g 9T AL F A oz Huy
33t
__Un

o= (4~1)gd, @

A7l A BEARIAR] AUER, g& TEISE, 4B
A el 473, U2 WEEA gk ulheMe] &
o deEolt U, =Ji2 U, L8 AdED, f& w7}
EAE o BAZIY wlEASe | U2 FHERe]
(e} Fdigtoich

Siimer®} Fredspe(1990)2] 7iME 0+ 0.03~24%
o] 4827 e vixde 9o Aol ge A
L8 Bush 641 ofudt My falolEe] wal



178 2R -

o 23857 wEol, olej3t W EL AZFe) AHe Ui
Fo)a e A7|2 s, AoEos yE Mgl
AAZQ) W3y} §A HEE AAZAY BEe v
vjekstA Uehdth 2 doae AZEdAe slojA
Shields 9] E3= FAIH AT

2.2 M 242 KC F=2f2] 2|

Tjo)| &3} WF7) (12} AF3E 35 (Oscillatory
motion)°ll4] SFFFEIS] Bdst 1 YL TS HeE B
5= KC Fol 93 2}
2ra U[,T

== (3)

KC==—7—
CDD

4714 o= AFolm, U Bo| e Ao vl
A A FYHA £, 7= 70 Fr)o) pE #e
Rgolth. KC 47} wll$- Z& A (KC<5), o2 <l
gt ST AR G FA) dehdch. v B
O 2 KC Foll disive @] Sl 99 (Vortex
street)o] FAIET]

AE4E KC 9] S7iell met F7tshed), o] Msh=
oS- Ao 2 Y F H}(Siimer & Fredspe(1990)).

S/D =0.1JKC )

g e 58U A9l F T A4S dol
= Fof gAET. 22 Simer?} Fredspe(1990):
7} 285 of ol gl o3 AlE4le] M= o}
Z= n|okakA|Rt % (Oscillatory 8- 284S 11818 wl= KC
71 ARl o] TS S JIAE ZESHtAL 8t
el

23 MTHMIZA B H Ursell =242 2HA|

Cevik 3 Yiiksel(1999y M8 ZAA KC ol

2 AUlAEAe] Hsls 488 B3 B8, BAE
2 Feto| A KC Froll W Al ZAdo] 43 -l
H|3] of7ke] HAME Kol & Lol wekA KC
7F AAEAE ZARE FYS vt o ek
AEAL, B2 /S ED FAEEe] #AE Y
slon, T4 Wil He a9k /LY 2o = el
U= Ursell 78 Al AlE4d 7] #AE A skaT

Ursell 3= Thof] oj3)] @A¥etn siAR g o
e =718 vEhd Aoz, tg3 Zo| et
(Ibrahim & Nalluri(1986)).

N

A5 - A5 - 98

d

A7V HE FHu, Lo TR, de FReAlol,
Cevik?} Yiiksel(1999)¢} A ZAAZ )8} zze)
9] gl thalA] Ursell 7 T JoiAjat4le] 4
A Fohe A& Bk 285 AuiAEA (D
Ursell (U R opuz), i (H/D)E F8 9%
Mz g, B AES T JiAEZel) o
& AAAE A7) Y5 #AE OF RS o)
st ohea 2& FARYAES U

(&)

g =0.042U33 (6)
o714
HY HL
Ugp= UR(B) = ﬁ @)

ola, 7|H He FEWI, L& IEY, pe B9
= FRFAE JEY olF 8 Ursell S8+

i

’

3. oofl o8 i 2o MBAH

J1AEER Y Y

B A3E Zo] 25m, Y4l 0.8 m o) 1 m9] 3
ZoA A= em, BFL Fig 29} o] ARslgc) =
o] Arls P} Y E AMEE SgEldRE X
0.8 m, 2°] 10 m ¥°| 1 m FEZ A= o Fe) 2
73] 23k HlEe] AL Loyl A3l D=36, 60, 90 mm
9] winele pvcES AMEED PVCHLE 44l0)
0.25 mEE YXjol] AAeig o, oud E= glo] =
uletel] A=A, AF B F & AFe <3t Fo| T
e A2 T3] 1A AT

l-4.0m LTI om

Fig. 2. Schematic description of experimental setup.
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Table 1. Experimental condition

Gain value  Pipe diameter Wave period
of wave maker D (mm) T (sec)
Runl 36 1.0
Scour

condition 1.5
Run 2 60 2.0

2.5

Run 3 90 3.0
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Table 2. Experimental data for scour parameters
Test .Pipe Wéve Gain value Uor Um Eg. Scour KC Modified
o Diameter  Period  of wave () depth(m) Re Number Ursell S/D vl3
D(m) 1(s) maker Number
1 0.090 1.0 1 0.126 0.010 11340 14 4.267 0.112
2 0.060 1.0 1 0.126 0.007 7560 2.1 9.824 0.117
3 0.090 1.5 1 0.162 0.011 14580 2.7 9.996 0.123
4 0.090 1.0 2 0.176 0.011 15840 2.0 11.679 0.123
5 0.090 2.5 1 0.177 0.015 15930 49 17.177 0.167
6 0.090 1.0 3 0.205 0.012 18450 23 18.635 0.134
7 0.090 30 1 0.183 0.007 16470 6.1 20.549 0.078
8 0.090 1.5 2 0.215 0.019 19350 3.6 23.649 0212
9 0.090 20 1 0212 0.013 19080 4.7 26.016 0.145
10 0.060 1.0 2 0.176 0.011 10560 29 26.542 0.176
11 0.060 1.5 1 0.172 0.011 10320 43 27.626 0.184
12 0.036 1.0 1 0.134 0.006 4824 37 32.355 0.167
13 0.060 1.0 3 0.202 0.012 12120 34 39.863 0.193
14 0.090 2.5 2 0.246 0.021 22140 6.8 44.745 0.229
15 0.060 20 1 0.203 0.014 12180 6.8 52.546 0.234
16 0.060 2.5 1 0.207 0.010 12420 8.6 60.404 0.167
17 0.060 15 2 0.226 0.023 13560 57 60.625 0.377
18 0.090 2.0 2 0.286 0.024 25740 6.4 63.163 0.262
19 0.060 25 2 0.210 0.021 12600 8.8 64.401 0.352
20 0.060 3.0 1 0.208 0.009 12480 104 69.147 0.142
21 0.036 1.0 2 0.178 0.010 6408 49 69.714 0.279
22 0.036 2.5 1 0.154 0.006 5544 10.7 70.827 0.167
23 0.090 30 2 0.286 0.014 25740 9.5 77.629 0.156
24 0.090 1.5 3 0.343 0.018 30870 57 94.004 0.195
25 0.036 20 1 0.177 0.009 6372 9.8 95.244 0.237
26 0.036 1.5 1 0.191 0.011 6876 8.0 103.794 0.293
27 0.036 1.0 3 0.213 0.012 7668 5.9 128.207 0321
28 0.090 2.5 3 0.349 0.041 31410 9.7 130.370 0.458
29 0.090 20 3 0.381 0.039 34290 8.5 150.100 0.430
30 0.060 2.0 2 0.292 0.023 17520 9.7 154.159 0377
31 0.090 30 3 0.364 0.028 32760 12.1 159.338 0.307
32 0.060 30 2 0.292 0.013 17520 14.6 186.579 0.209
33 0.036 3.0 1 0.211 0.006 7596 17.6 197.878 0.154
34 0.060 15 3 0.335 0.021 20100 8.4 198.313 0352
35 0.036 1.5 2 0.247 0.019 8892 10.3 222.643 0.530 S
36 0.036 25 2 0.237 0.012 8532 16.5 254.076 0335
37 0.060 2.5 3 0.346 0.033 20760 144 284.698 0.553
38 0.060 20 3 0.372 0.038 22320 124 316.219 0.628
39 0.060 3.0 3 0.370 0.029 22200 185 377.005 0.477
40 0.036 2.0 2 0.284 0.035 10224 15.8 386.031 0.963 B
41 0.036 30 2 0.289 0.015 10404 24.1 507.206 0.419 B
42 0.036 15 3 0.335 0.014 12060 14.0 550.903 0.377
43 0.036 25 3 0.346 0.040 12456 24.0 796.945 1.117 ¥
44 0.036 2.0 3 0.378 0.041 13608 21.0 920.413 1.131 P
45 0.036 3.0 3 0.370 0.049 13320 30.8 1050.870 1.368 b
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