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DEVELOPMENT OF PROGRESSIVE-WAVE GENERATING SYSTEMS IN A
BALANCED-BEAM CENTRIFUGE

By Hideo SEKIGUCHI, Katsutoshi KiTA, Shinji SASSA and Tomohisa SHIMAMURA

Synopsis

Seabed response to water waves is one of the key mechanisms governing the stabi-
lilty of offshore structures. To investigate the stability of backfills around buried
offshore pipelines which are subjected to progressive wave trains, a modified type of
wave channel for generating progressive waves is developed for use in a balanced-beam
centrifuge. The new wave channel features a wall with vertical slits installed as a
wave absorbing unit at the opposite end to the wave paddle. It is shown from wave
loading tests to check the performance under centrifugal conditions that waves of a
nearly progressive pattern with a reflected amplitude ratio as small as 0.14 can be
generated by introducing the slotted-wall type wave absorbing unit at the end of the
wave channel.
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(1) AC Servo Motor (5) Wave Paddle Fig. 3 Slotted-wall type wave absorbing
(2) Reduction Wheel  (6) Slotted Wall unit.
(3) Attachment Wheel (7) Fluid Chamber
(4) Crank Shaft (8) Sediment Trench

Fig. 2 Wave actuator with wave chan-
nel for generating progressive
waves. :

(a) Plan view of wave channel with

motor mouted

(b) Plan view of wave channel with

motor removed

(c) Front view of wave channel
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Variation of reflected amplitude
ratio with normalized channel
length behind slotted wall.
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Fig. 5 (a) Measured fluid pressure- o 70 20 30 4 50
time histories nd (b) spatial Amplitude of Wave Paddle (mm)
waveforms for the case of re-
flected amplitude ratio Kz = 0.14. Fig. 7 Variation of generated pressure

amplitude with amplitude of
wave paddle.
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BT, Ke~I/L BIRICEDLAERITBDO LN RV,

(2)  EATHCERER ORHISESR
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L3 BE16 7 —RIZ2oWTC, HEREp & 27977 2+ 7 MESGRTOEERNGRES OBIHR% Fig. 712
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2B B EEEORE % Fig. 8 1277,
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Fig. 9(a) ~ (&) \TRF o B — 2B W CHIETEN No. 1 & No. 3 (2L AFHIMIEEE) & b e L 72N
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Fluid Pressure (kPa)
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X g‘f M LERRLL
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Pore Pressure Transducers L 5 T T T T T T
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Fig. 8 Location of pore pressure trans- Time (sec)
ducers (PPTs) for wave loading
tests on sand deposits. Fig. 9 Pore pressure responses in a

loose sand deposits.
(a) Fluid pressure-time history at sebed
surface
(b) Pore pressure-time history 18 mm be-
low the surface
(c) Pore pressure-time history 48 mm be-
low the surface
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DOREIE% Fig, ALIIRT, T 5 Y- AR08
BEDOERANR—Z ORI ERIFEL, BAKBEREIZ5 cm &
LCWh, EiEEE LT3, BLUIRREL TV A EHEERE
BEELFEMD T 5 v 7TRIEEE S IR T 5, iR
RINAT H72012 b L v FE% KBS REICERT B, T
B D70 I ZTHBS I T KB B S 5, IS
LTIELR ) » MERITHEAE 2 T 5,

L. RRFREORTE

550mm

B A B ANTE D — ) @St 1= (1) Wave Paddle (4) Fluid Chamber.
L2 &, FWHHBDOEEE 100 BIFET sH8KL#A  (2) Crank Shaft (5) Sediment Trench
WO x 3, MR D, b & UL HERE K OB%  (3) Slotted Wall
ELTRATEZOHNS,

Fig. A1 Progressive Wave Generator.

x = 0-0019Dr‘1‘t3‘—2& ................ ﬁ-_ (1)
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7T 007 MEERTORBBEMIRES & DmMICRK (10) OBRIBL T 5, & 2C, BEREOEHNK
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& BERERBOBFR Y Fig, A2 (ORT, 221250 g mAILEESE COERYER LT, FOFEAT
HHEESR ¢ = 402kN/m®, FARDOEMARBER 1, = 471 kN/m® #BREL T3, Fig. A212k 5 &, FL
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BOEBEHNE, EERPPNEICHDLE EOERERE 2T 70+ 7 FPOFEEEEFUELRVIZH S &
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HhHETH,

KB B TRV L, BRRIECASHERIED 215 25564 2 5 (FEREHEIGHIEZE
L7%vy) o (Rl MO EEy = 50mm & LT, ROPEANEEICHE L2V 4L ), he OTHYE honn %
KUV EX B EDCED,

Romin = 20 ~F 75 eeeereereeenn e s s s H—(2)
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g0.10 %) Crank Shaft _*p™
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3 (1 Wave

@ 29 _ paddie
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Ped

7 Channel Base

Q

S (1) Water Surface of Standing Waves

>

© (2) Water Surface of Progressive Waves

Still Water Surf:
Frequency, f (Hz) (3) Still Water Surface
Fig. A2 Variation of shear stress ratio Fig. A3 Assessment of clearance be-
x with frequency f and fluid tween water surface and rotat-
depth A. ing wheel.

Lo TR — @) XV, hemn = 180 mm < & = 190 mm
Lleh, Thbh, WERECHS L 2w & HkrT
x5, Crank Shaft = 1

3. BHEEETEAFOEKER h,

FEERE RO KZEE 1) 1220, BT L) Tk
ET Ho T EERATTHERANRKIE 7285 TOFY / -
Kk, HRRFOEXFIHICTHET 5 (Fig. Ag),  Cnannel Base™ 7y =
T b L ERNEE S A RAORE—EETHE, B o
BTV = Vo Th b BEMETMECOKRN, Figk o A Delermnaton o e e
ROFRG A 2F5E, b & A DEBEARTE L0 '
%,

_(_h_ BB B e e S _
h_(Mh+l+me =@

iz =100mm, &, = 190mm, S =40mm #MAAL, KNELOFEMEE L TEBAKRFOKMELDE
4 Ah = 25 mm (BEHEEERAEOAEES 150 mm 2HE) 2B LBE, h=66mm &4 b, 22T
131 =70mm &L,

4. EREHSILFETOT7O-FR

ERHEESIC L B L, 7Ty TRIEEEIC L BSOS, BERT VY vV ¢ iR THRIAE
na, 3 '
¢ = Acosh [k (z + h)]sin (bx — wt) + coswt 2 Cue ™" cos [kan(z + h)]  orereeeeeees f— (@)

n=1
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_ 2wS, . 1— coshkh]
A = ZTsinnzkn + Zen] |SheE +
s o T ﬁ'— (5)
- @So , cosks.h —
G =7 L Sin2eah + ko] [5‘“k3"h e ]

AfF—@), =G IZBNT, e B Py RSB L VIEENE, M- 6)H S, i,
FIKE I BV B ERAERIES 24
@* = Nghtanhkh = — Nghaptakah  -+oceeeeererers s H—(6)
B, AfF— @) OEDE—TULETERS %, -5 HIREEEEES 2R L W5,
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Fig. A7 Contours of reflected amplitude ratio.
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