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Fig.1 Experimental setup and the cross-sectional

view of the controlling ring
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Fig. 2 Distribution of inspection points for topography
and positions of inspection points for maximum

scour depth
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Tab.1 Parameters in the 18 min model test

HK WRHER  e/em  KE/em FEHE/ (cm+s 1)

1-1 — — 10 30
1-2 B#EmkmE 3 40 30
1-3 — — 10 24
2-1 12 10 24
2.2 9 40 24
03 i 18 T G 9 2 s 0 "
TR R
2-4 3 40 24
2-5 0 40 24
3-1 12 10 24
3-2 . 9 40 24
23 e A B 9 R 6 10 o
(EO T %%
3-4 3 40 24
3-5 0 40 24
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Tab. 2 Effect of circle controlling ring in 18 min model test

WA 1 W A 2 W A 3 W 4
Ak Q/cm?
d/cm h/cm d/cm h/cm d/cm h/cm h* /cm
1-1 10. 5 6.6 9.7 9.6 6.2 7.6 1363.9
1-2 9.5 9.2 9.0 9.1 6.9 6.0 1 460.8
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Fig. 3 The relationship between the erosion mass
quantity and mounting height of ring in 18

min model test

HE— 254 Il 3 B B WT LLE L BT A Y
BT B A TR Rl B 4 8 R R ] - B T IR
THE B e AEAR 1.5 f% A2 A7 B, X ) B 4 50 SR
AR 55 . F iR Rl A DR EE S AT 3R R ORI IR IR
T, O 2RI B 1 B R 0B B I IR A A R
s 10 A AN B AR iR ) 400 5 A R S P B VD T R
BEAERI 0~0. 75 £ ], b7 5 35 SR AH ) LR AT
Yo TR B = B e RAEAR Y 0. 375 A, B
PRIE S ILE 4 (b) L4 Co) s i B S8 AT LU
52— ST RE B e R 25 4 Ca) A EL S R R B
SBI/IN T 9 A0 S f TR 3 2R e e, B
A, LR 55 2% 1R T JC AT AR B 47 1 it 1 57 AT 1Y
Il £ 43 BE U D 70 %6 .40 %.



74 A # ¥ L XK

¥ F %54 %

y/em

y/em

y/em

-20 0 20 40

x/cm
(¢) 3-4 1
B4 ARBASHE

Fig.4 Scour patterns
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Tab. 3 Parameters in the model test

URZSRIIDER N

Gk /D 37/ SRR /mm )

(em s s~ 1) Q/cm?®

1 2 3 4

1-1 — 14 50 35 18 8 875. 4
1-20.250 14 45 32 6 4 711.7
1-3 0.375 14 47 31 8§ —6 721.9
2-1 — 20 90 91 58 44 6 223.2
2-2 0.250 20 82 71 51 37 4 267.5
2-3 0.375 20 80 66 37 26 3 451.3
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Fig. 5 Scour pattern in equilibrium and scour depth at scour depth monitoring points versus time

curves (Test 1-1, 14 cm/s, single column)
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Fig. 6  Scour pattern and scour depth at scour depth monitoring points versus time curves (Test

1-3, 14 cm/s, e/D = 0. 375)
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Fig.7 Scour pattern in equilibrium and scour depth at scour depth monitoring points versus time

curves (Test 2-1, 20 cm/s, single column)

M3 3 Al AR AT PEUR BR B SLAE s R GRS R 0. 375 B B P ROCR B B X e DR A I R
Mr st PE IS B VD A BE B S AR AR HUAE O 0. 250 AR BRI 0932 sy FE0T P R IR A Y L A



VS

76 X % ¥ LT kK ¥ ¥ #H 554 %
BEID ) M 59 S B i s s, MY R kN RS X B RS 14 em/s B, W& 4 FF 4R

0.250.,0. 375 Bf, BF§ S R AR B &, B 18 min 5E
AT F L, AR LA — i Y R R S R S
R B B 6 38 R B i AL

20 30 40 50 60 70 80 90

x/cm

(a) W Il 1 B

80
70k WAt
60 | W2
50
g 40k W A3
S 30
20t W 54
10

0 0.5 1.0 15 20 25
t/h

CYRUUTIEAS; S
B8 TR A A Rl R o R bR R
W e & (2-3 4, %% 20 cm/s,
e/D=0.375)
Fig.8 Scour pattern in equilibrium and scour depth

at scour depth monitoring points versus time

curves (Test 2-3, 20 cm/s, ¢/D = 0.375)
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Research on scour protection around pile foundation with controlling ring

CHEN Bing"',

HU Tao',

Su  Tsung-chow’

( 1. Institute of Habor and Offshore Engineering, Faculty of Infrastructure Engineering, Dalian University of Technology .

Dalian 116024, China;

the United States of America )

2. Department of Ocean & Mechanical Engineering, Florida Atlantic University, Florida, 33431,

Abstract: Horseshoe vortex plays an important role in the problem of local scour around the

foundation of a pile. A controlling ring is attached to the lower part of a circular pile to weaken the

horseshoe vortex so as to reduce the local scour around the pile. The effects of the controlling ring are

investigated through laboratory experiments. Uniform flow is used in experiments and the controlling

ring's vertical positions are varied to adjust its distance from the sea bed. The experimental data show

that the controlling ring can weaken the horseshoe vortex, and reduce the seabed material removal up

to 40%. This scour protection measure is simple and practicable, and is adaptable to uncertain flow

direction, and can provide valid reference for scour protection of pile foundation.

Key words: local scour; horseshoe vortex; pile foundation; controlling ring; scour protection



