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Propagation Characteristics of Solitary Waves under Flexible Floating Structures

by Xiaodong Liu, Member Shigeki Sakai
Hiroo Konno

Summary

The dynamic hydro-elastic responses of floating structures to solitary waves are investigated and
discussed in detail through experiments and numerical simulations. The fission phenomenon of a
solitary wave is discovered when the wave propagates under a flexible structure. Different from the
soliton fission occurring on a free water surface, the phenomenon is induced by the difference of the
propagation velocities of the elastic deformation of structure and the wave pressure acting on the
bottom of the structure. The fissioned waves are defined as three patterns of a leading wave, a
transiting wave and a trailing wave. Which pattern a solitary wave will be fissioned in depends on
wave conditions, especially a water depth, and the structural properties, such as its bending rigidity.
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Table 1 model structures and the properties

elastic
model thickness length width Density
modulus
structure (m) (m) (m) {kgm?)
. (MPa)
| polyethylene 0.02 10 078 625 914
| polypropylene 0.02 10 0.78 3470 960
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Fig.2 time histories of structure deflection and wave

pressure acting on the bottom of the structure.
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Fig.3 time histories of structure deflection and wave

pressure acting on the bottom of the structure.

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

CITHELRAREROLRBEEOHELRINTS
7HKE 0cn TORERIIBITI2RBLEROLIBEE
(VOIS WA DL EE (V,) D% Fig 4 ITRT
COREDEBMOBMIEN V/ V3L kEL
b, -EFRIEOEEI IO RY TOoL UKoz
INEFEIIERN TS, KIZ Fig.5 1IHES 4 TOE

HMIFRT TORH OLHEHE 341

T T T T T T I T I i
= ‘ O polyethylene |

16l @ polypropylene

ol )
2 144 -
>
L o) ® .
®

12+ 0] —

KEERLIZDDOTHZH, ZOBEKEORDITME
WY/ VOIEML TWSERS»D. F/2 V/ ViidA
HEOEBRUEIGEVNIZERELAD, ISIIEAL
DKEOEEBNKENT EN Mo T,

£, KERUBEBO@BEOEBEH —HWIZRET
017, BAOES Ly EMUKEBRO - KELUMRE
DFEKOLERD 99. 63250 KI A, (R (1) &)
EDH LA ZFEORMEIEERL, PEOEE
ICBbL2 VW VS HMEIOMEBEEAERO2TOY
—RAIZBNWTELDHDONAFig.6 THo. 2 EEORK
KBWT VY Vi MELHERMEEBADEHBENEL
TWAIENRME. LML, thifBtEoBWIZED
NHEHORETDIHEBRENEL DD, BhOHME
SIBIBHEREOBRIEII RS,

3

AS-iﬁ(ﬁJEH (1)

ZIT, did3K%E HIBKETHS.

£/, I HEOETHBOBMKIZESEEOTLE
B3t 57281z, Fig. 7 Ti3KE 30cem I2HB1F 3, iy
BERENHEEE -HBOLEREEE ol H: A
&, g EOWNEIE, o KOEE) TERTL K
HOREDEMPHEREH T EITRLELDTHS.
TR DETICHEWINI AR TORTEIIMD L Eig
EELE25M, DBHETOEREIZHMML A&TD
BELDBKREL ALY, FTOLBHEELHES LD,

1 1 I T ‘ T
L| O polyethylene i
® polypropytene
1.6 —
2 14} ° g -
> | . ° |
[ ]
1.2+ —
o o o o ° |
1 ] | 1 | 1
0.02 0.04 0.06 0.08

wave height (m)
Fig.4 propagation velocities of structure deflection and

wave pressure, in relation to incident wave heights.

02 03 04 05 06
water depth (m)

Fig.5 propagation velocities of structure deflection and

wave pressure, in relation to water depth.

A polyethylene @ with fission

® polypropylene O withoutfission

18 T T ‘ T | T ] ™ :
[ o0 7
1.6 o —

z - E E .. h

[}

E 1.4} i |~.‘ —
- ‘ ‘ B

. )
:--&“ -----------------

1= .

L 1 I 1 | 1
0 1 2 3 4
Is/ As

Fig.6 propagation velocities of structure deflection and
wave pressure, in relation to the defined relative

structure length.

O velocity of —A— pressure of
pressure main part
@ velocity of -A - pressure of
fissioned wave fissioned wave
- l T _I T I T :
2.5E H=2cm 30.15
E 3
2E
1.5F
—_ e
£ o
E 25F
=S E
R 2E
2 F
2 15F
2.5F
2F
1.5E

X(m)

Fig.7 distribution of the propagation velocities of structurc

deflection and wave pressure.

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

342 AR RS BT 192 55

3. BERHARURE

Bl5 VIFgEENY, BEMY, BEVORERIND
ZVREMSFHOWTNOERIZRETELIRMNEE
BUTAHIEEAMELT, REEHIIIBRAERE
2, $ERAOREEROBIICIIERERILLHIE
CHV, PREFEEORE TOEMRTEN ZERET
ZEI2E-T, HikEBEBOBNL THEFHETE
2B EIEMR BB R AR L 2. JORITILIE, o
hOHBAKERFRASFEORTTOERHFHRY
NS R A AR RICE LT ABBERICER
LTHD, AR - RS TORKILERITIC
BRHLAZDHBDTHS.

UTTIE, co¥EfmEzaticiddl, EBRES
OB D RERFOE I EZBRIEL, BERAET
TOMIHEOEBEMER S REOREEBIIMEDS
WREREEREREORBIIDVWTRIITS.

3.1 BMATE

HREE & FRITE D RAOBMEILE Z Fig 8 1R
TEOMAER GERER  KESRMHER (M
HR) CHIEN-EHMQTHET S, WiikI3IEEREE -
MM ORELHEAEEL, HAEEHIMILTHDET
. ¥, 2ERRBETAECAHICESHL, KL
BIZEELTVWDRLDEERS.

X\

|
N

Fig.8 computation domain and definition of boundaries

TR TR T RERBRIIROEFERT > vl
pIcBT BT ST AFEBRLEAD.

k¢ 3%

—+—=0 )

ax? * dz?
MEAERER L LoKMy RUKEDSHBKE
FTORERED i a(z) EEEMITEA DT EITKD

WEREIES.
n=n on Ty 3
i‘ZJ—--rlT(z) on Ty 4
on
AETOFREBRERBUTORATHD,
%-0 on T (5
on

B & ST Y B K E R SR SO RE T
ORI R IS EMRIF,
% _2n (6)

2 2
(3 _1ifoe) () gp-
L 2[(an)+(as)]g,, 0w, @

S R G R L
(8)

thn., sREREICBIAERLM, 6 3RENR
z CIEBHEn EDORTH, ¢ BEHMEE, oK
DEETHS. £, pIXFEROMTRIE, m ZHAL
BEIYU-DDERTHAS.

HAERN S ORFAEORE LB T 2129, Kl
S OMBRLUAMEWHEEER WS, BRNOBHEKE
I, TONFNEEEROEIICERETSHILIZELD,
FICERRBR T ZEHERICHMESES.

2 2
_00 _Ljfod) (903 | .. _ LAY
ot 2{(6»1) +(as)} &n “¢+jj1(¢ ax)d" 0

on I 9
¥, MEBEZEB TS ERMMRMCHL T, HE
B O R 1 Sommerfeld BB ARMHEZBEAL,
n L TOEBFHREE L TAANEASNTNS.

L2 S R T A
™ Jg?[af ue le (q)ax)onrzdx) on Ty (10)
frd, RO &) T IIWBEFRKTHY, x IZHHl

LTREIIHZSES.

HEEHORBRTHL ORI, VI —>nAEH
Izt ERmysRERAEAD, BEIZ, 2HRr 2%
eI L, BRERETRDOLIENTES.
O, SERETOESHFNREW@, 6, 6), 10)
ERATSE, BMAES FEAORANKIRHEMT L
DMETDg EHEREr,, T, T, LOTWITD an/ot

D, DEOERED, ©, O REELL TR T
EITED, ¢ EnMRHEND. KB, RKEERED
REIHEETZENOHDEVR®) ITDNTIE, EF
ERETORELOHEEF -OMATREEDEL,
WAL E L TIRME AR EmE e, HaAhELT
BEAM N EHFE—AS NEEX, ARERETE
KOISERITE1TS.

¥, KELEEREEEOMERROFETE
HEKERORE LIS B 2 &BMAT Y 7 ZE0dt
WA LT ARORBBHE S, BELT YL 0
6. KA RUFRENL g 1DV TROREDEXI B
AF—LTKDS.

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

FPF AT TOIE OB 343

3.2 RMEME DL (e ey — ]
MR O 5 BB X 5 MR B £ O @A £ B A A
LI L, MIEMEERELOUBRETH . Fig9 05
I3KIE 20 om, AHEE 2 m& LABETHD, TRIKAT TG
S S EIHLR T, TR A 25 0 T OXTR K T4 FE AR oc 0t
THHEOHMKHOLRIE (H) EKER (EQ) 3 Chuen
ERLTOS. Fig. 3 OMBAHEILN, AFEIRL A e T
STHD, THEONYURARNEELRD. £/2, 0 ¥ 10 B iy
TR ORME E L, ISR ABON S GEITHI) )21 he messors point X21.0m fom head edge of imeture
W< HEESREL, BHREROGESDEEDZS I
P HHNEBL, WEOMLIIENKE 2B, gi0s ‘

i, HERIKRESED TR KL, HBO 5 e T T

RAERSR, MTHEAGE2REORIK, ROREERT I v
KHERHT2HEEEL<SERLTWBR I EMS, AR
FERPEOIOBBRIIMLTHL Y RERTES =
Ehbns.
3.3 BURKICLIMH

BE 10m OBRBEEZRAWLWEZERTIIDENREL
BLTYH, BROESEMMLAEBORREREDEE
BEBELMATIRA2W. £IT, UFTIE, #HEZ On
EL, BAOHITRIME - ABRUOERAGTZ2ELE®

S

=)
—~
T

pressure
(pogHo)
)
T
]
] E
£

(E.A.LL;JLIIIKAllxllllll,L,;;

10 15 20

time
(b) at the measured point X=5.0m from head edge of structure

S B A A A D R S R 2 et S SR S ma

deflection
( niHo )
=)

v~ 0
THEETL, BHERKTTOMIHEO S BKRRS 73
DEREERNT S, e S ]
Fig 10 KB TIRABIE LM/ Fig 2 hOR 0 5 1o B i)
BANROBEREIIHL TFRELESLABED (€)at the measured point X=9.0m from head edge of structure
R EBEDEMBERERLTED, WrskAEnt 25 Fig.9 the comparisons of the numerical and experimental
mMIZEST B AN, MAICHBEENBEN, KBICH time histories of structure deflection and wave pressure.
BC/25Tnd, CHhIZBROMIFERICH L THIE
NWE, FREROEEEEL D LHTOEBEED
ESHHEL, MEDMBECEIDVELLBDTHS. EE;E@BMMMP oy
IDTENS, BEEMEL, DENRET BN AL i“
BEEBTDLIBARETYH, BHREDBAEIC oF O
BEMECRLDBIENDNS. T 00 im
Fig 11 13, A% 40cn, #AKFELE 0.1, BHO ik ?;
BEE 2em ELAEBHAD, AT TOMLEOHBIK o\ E
BICKHTBREOMITREORBE R LTSS, EJEEQT/\AA' imé
HTEMEAAEZ VR EIZR, BARERLICS WikE § 1y
S 1t 2
LD, FFEROMITEROBIIC ML TIREKREIZE S ol N\ ﬁwé
MTHRERREL, BAZHON S OBEET 5, Caf VWV b
TOKR, EBRTHLRLNALDIT, SRR e o
AEDOMADBEL TS (Fig 1@ ) . #iFEl P e i bos
MAUNE < 72312 Dh, BLILHEAKDR A 1 < HIE fgta:gvx_—fikﬁjvv“f
= PN il S T 0.05

REG<D, AROKRHICOLHEENMERALEES. & e

7 0 10 20 30 40 50
2T, MUKFEOMEDRREIIF< 2D, KTH distance x(m)
REDODEENREL, Py /57— RICKk> THH Fig.10 the computed spatial profiles of structure deflection
TOERRIIE, BFTIEIENY (Fig 110) ) . dif and wave pressure.

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

FoEmE F 1925

344 (1A
d=0.4m, H/d=0.1
structure = .1
N T
F .05
0 -
1
0.05
- ( a) leading waves ( E1=200 N‘r?l) —_
i )
~ 1+ Q
S /\ 05 &
.S ° t et AVAVAVAVAVAV T E
g 1f g
= 0.05 =
s ( b) transiting waves ( EI=30 Ne*nft ) &

ak Pl
pressure
1

L I s N i 1

.01
1+ water structure
/surfacc dcﬂccnon‘/\ 005
o' ?]

0.005

0 10 20 30
distance x(m)

(¢ ) trailing waves ( EI=1.0 N*f)

Fig.11 the fission situations of a solitary wave under the
flexible structures when the bending rigidity of the

structure is varied.

HIMNEIC NS 2D &, BIHTREIIREICALS R
D, PREBUIFFTROEFOAHICEHNS
( Fig. 11(c) ) . KA ORMA (KE 20~60cn, &
& lem~6em, BAOES 40m R UEHVTRIYE 0. 1~300N-
n?) TIRBMRET TOMIERI=@EOoVWITIND/N
Y- THTRRTDIENHESNELEH

Fig. 12 13, Fig. Il P THIEAHEHD/F—>2 (b) T
o220t FRIEEZRNT, KREHEELSE
FBEOMIEOREIRAERL TS, KEMNERY
BETIRAADEHOBNEND ( Fig.12(a) ) DX
U, KENEL 2B E, REBIZMARENELBVE
HFRROBNFEETD (Fig 12(0) ) .

LDz &id, BIERR, ATEIBERVESIIED
ZHEONY - OB IEEMNEFELTNWSIE
ERMLTWS., FIT, HR&H, REodiTRitE
RUBBA LTI B THLOHELZITL, DEHOBRN
H@EOF % Fig 1310 RLE. KT, HEiIkE,
R RASEORDE (0=JEI/m) TH3. &
BONY —VIKE, B, FHEodITRMECERIC
o TRESN, HiZ, BEOMHITHIMERKENX
R THDIZENHESMER>. LML, LR=HE
ORBHEORERGEROCEEHETHIIEREGRTRE
B E BARMICEDO LD RBBRERONEKEICHNA
TEHEHI2, BRNARMVMVETHSD.

pressure (p/0 gH)

deflection( n /H)
o

( b) transiting waves (d=0.4m )

water struclure
surface deflection

pressure ”

0 0 2 00 40 S0
distance x(m)

( ¢ ) trailing waves ( d=0.6m )
Fig.12 the fission situations of a solitary wave under a
flexible structure when the water depth is varied and the

ratio of incident wave height to water depth is fixed at 0.1.

trailing
waves

1 i L. 1 | L 1 L 1
02 03 04 0.5 0.6
water depth d(m)

Fig.13 an example of the occurrence area of the three

patterns of fissioned waves.
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