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Ocean Wave Forces Acting on a Vertical Cylinder Fixed at Offshore Platform

by Wataru Koterayama, Member Masahiko Nakamura, Member

Kenji Marubayashi

Summary

Wave forces acting on a test cylinder fixed to an offshore platform were measured to determine the
nature of the hydrodynamic force exerted on a structure in random waves. Forces were measured by
two dynamometers, wave height and direction were determined using a wave height meter array, and
information on the orbital velocity was collected by a three-component current meter set near the test
cylinder to confirm the accuracy of the phase and amplitude of this velocity calculated from the height
meter array data. The inertia coefficient (Cy) and the drag coefficient (Cp) of the test cylinder in
irregular waves were obtained, and laboratory studies developed a method of data analysis. The

following was found :

(a) Constant values of C, and Cy obtained from least square fit of the complete force time series
are well ordered as a function of significant value of K¢ numbers while the vlues determined from
least squares fit on a wave-by-wave basis are widely scattered with no apparent meaningful

tendency.

(b) Ocean wave forces exerted on the cylinder are represented well by Morison’s formuia ; the
difference between the measured and predicted force by the formula is 109% and was very stable

throughout the field experiments.

(c) Transverse forces acting on the cylinder when it is fixed in irregular waves are weaker than
those impacting when the cylinder is fixed in regular waves.

1. # El

RETH D 5 VIZRAFE RO M D 2 A7
IR, RBRERNOEBE*F > THEMciTbh T &
2V, I s DREREFREBHICRBE SN EEWCER
TAEH W, REZE HERESY OMENIRIN
Tw3 EiZ, EESTRFRIEFETSRIETHY, R
WIEHRRIB D 2 W IZRABIRBIRICE SV TiThb N Tw3
ERENOWREREZO 2 2 EAT 2 Z L CRMEEN D
55218 A%, IhETRESOBEY D 3EIC
DOTOEBNMFEIZRFILT2BOOFAEND S, 124

* FUNRFICH SRR

Efa2E YR4E1RE8H
BEFEEBESIIBVLTHEE FHR4ES5H 12, 13H

BEHIOBRIIZEY) VORI LTHEL, Hih
RE Co, EERE Cn 2RO BAETHY, Thitid,
Wiegel”, KHE® ORfFEHNEITF o3, O FELE L TR
BEHENIOBoNIT—5 % AT MUVEEIRL, AX7 b
AR—ZATHBETBEILET, Co,Cu2KDIS TSR
DTH B0, FIFEDOFEZETRAEETD Cp, Cu DE
K2 TOHESZNIEES L 2L, £IRBHRORMEL
ERELALTHESTWR I L BESTH2, BEDFH
ETE, ZOMERNLTEIIE» SETIREDEEY
HETH 2 LI EEND D, KBETRTRAFEHOH
BRI ITD 2 OB D W, EBRENTONE
BT T L& o TEHICRETL, Bon-@iREsiE-
THRERIUN—RT Cp, Cu KD %, 272, BDABFHNIZ
MLTEAFAOTCOWTHEBETSZ, ZhLoDEES
AL T, THEESROBEM b 2 ENOREE R
E¥ 5,

NI | -El ectronic Library Service



The Soci ety of Naval

Architects of Japan

186 BAERFEIRE

E VRS

2. A OHBE

B AEHRIFIAETIRE R, ISR R R
ERFHE 2 km OWHRICRES N EEERNA 7 -
a VIZER YT sz, FOEERK % Fig. 1 12RY, FE
CERLLRBAEREZIS S, B3I ImOMETH

3. MRMAEORE

=¥ B B AR I Ibh 3 Wi DV T EER
MR E 2 DORESAMIBREAN TV S, 1 DRISREARICH
BEABETZZETHD, b 1O2BEOFHRUETD
3, NS DMEEENEREIT J Lo TRET 2,

D, KEBMOE S FTHRMAOEEN & > TETORIE
H2H, #5.5m TH 53, RERMAFC IO 5N, Fig. 1
WRT & D WCHEO ETICED 1 st 2 5 E TR
T2, £, ABHBRREBEGRR T~ 3D 3IFOHIC

Ocean platform Tsuyazaki laboratory

sensors . v

4800 BPS

Telemeter
system (B)

Telemeter
system (M)

Aerovane

wave height

EY D {Tj,oj_ 7z§§iﬁﬁ%§+f\§+iﬁu_§_%° és 6 b:, H*E@i& < meters Controller Interface
_ Dynamometers
I3 3 UCEBRIREL R I D (0 T, WOARTEBET

To instrument

DC 12v
T Power

meter

HWLE, choDF—%iF, ¥ 7V 7BEHRI0HZ T

Contreoller

P AV L RBIIT VA=Y TERFI~NEO NS, 8] T Data recorder
BT EEHIBE S NEUEOHEIC, BEINCEHEZE le “ﬁﬁ”T
Bt akiicty h&N T3, Fig 2 RBEIV X740 battery

Tuy s EERT. BEREROMC, AEE TR o e 1000
PRRETT S 00 CERNEERETTo 7, EREBICHERAL: Sg;iiery 32?,;???,222?;3“ comrer svotem
ﬁﬂ 0) E@é ci 24 mm 'C‘\Zk EP gﬁ @ E é Li 252'5 mm -’C % (600W) for back-up{(30W) for data analysis

Fig.2 Block diagram of measuring system

h, EESRFEBRAOMED 1/20.8 DERKRETH 5,

Lower floor
plane view

Wave height meter

® {

é—-Currerit meter
_Test cylinder

> Dynamometer

8
{Unit:m)
T e Aerovane 14N ®)
, Wave height meter
! Z=Wave height meter (2)
7 Solar battery
| / p~+—Antenna of telemeter
Side view ﬂ ﬁ
___“‘:f:‘l“ i R } } ll‘{tll 1[Upper floor
\ 1 |
\ q
s Lower fioor
=T
2
Wave height ;
meter '+ HW.L.
A\
= 2
] Lrw..
9.0 5.5 2.5
-
15 Current meter b
Dynamometer 1
Test cylinder
{(D=0.5m)

Fig.1 A picture and schematic view of ocean platform
and test cylinder for field experiment

NI | -El ectronic Library Service




The Society of Naval Architects of Japan

AR P OSRERE b 2§ BT 2 EigEEeR 187

B D HERUTOBY Th b, HOBEFIZRD LS
E=T,
g(t)=é a: sin (it + &) (1)

¢ BKEENL, @ 13D EDIRE, w: BRSO MR,
& RAIMETH % o KB THE ulz, 1), KB FIEE u(z, 1)
BERATKDONB,

(2)

M N _
u(z, )= z=21 { —gkia i_——'—_coilzf};(z 7 2) cos (wit+ e,-)}
(3)
JAR R OR
gk tanh (k)= w? (4)

ZIT, g BIIGEE, B, bKEE, 2z #ibKE
o DER (FS), BAOORRF F@E) &)y e
WIRRTEINB LT3,

F()=50D [ Co@ulz, 1) lulz, ) dz

+i’1fll—’i£LcM(z)u(z, Ddz+Fuo(t)  (5)

e72L, Co: JUJIREL, Cu I BUENRE, o KOFHE,
D FIHEEE, L FREOKFHRES, Wy ERCBERT 2

20r
Co

101

Re=32x10°

Ho Fu BIFERT > » VERIZEL > TRD 3, HTEH/AN
BVBECBMOFICE~RTERTELRVWRESTHS
M, EEHKE L BNITERTE S, Co, Cu IO
TEDRRT Fexpo(t) £ (5)RL VBR/N_RIF &> TKD
53, WRPZELNIAREMAEOBRESICIRESFHEIR
KKL B, NERENEACT %, 72 F RIS T, Co, Cu
DESKRET BERTHCH S Ke BHOELT 2, 5T,
Co, Cu DELESFACELTZEEZZHFBERTD
2D, FOFEMPEGIZIZ 2 RTEAFEDBE & BRI &H
EUETO Kc 8 (FHEMETD Kc DEHEIZDWT
RETHRET2,) TKETLEEZONDY, 7 Co,
Cu BEL 2L 5T —EBTHBEIREL, READ Q 5
MNZT 23 Co, Cu B(T)REBVTKD 3,

Q=J_§I{Fexw—ij"%pDCD/o‘Luj(Z) |u1(2)l dz

-, [ Ldj(z)a’z}z (6)
Q. 9Q _
Pl Tomull (7

T, 3T DBE, NET—YOBRETHS, 20D
2L TR Co, Cu 28 Fig. 3 TH 3, Ke I KD &
HCEBE Lo & TARKTFOKRFEREESELL AH % FW
THERFIN—AD K #% ‘

T

Re =69 x10°

Re=80x10°

0 10

307
o

20}

10r

20 | 30 Ke

0. 10

20 ' 30 Ke

Fig. 3 Drag and inertia coefficient of laboratory model
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Fig.4 Drag and inertia coeﬁﬁcient of laboratory model modified considering the vertical

variation of K¢ number
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Fig.5 Relation of average period to significant wave
height of irregular waves used in laboratory

experiment.
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Fig. 6 Drag and inertia coefficient of laboratory model
obtained from wave-by-wave least-squares fit
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with current meter and calculated one using the data of a wave height meter
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ratory experiments (b) field experiments

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

TR o D $ATE FIAE 12 o 5 2712 BAY 5 EHgEER 193

S8, HN=G8, f)SLS) (15)
EFBDOTU)RICRAL, BARZ M AVOY—7 B
] fo OIE So(fp) CEBET 2 &,

So =IHGESHS) [[G(8, 7») cos? (6 - $)d6

(16)
—FEDFAPEMEEEZ R LA TFEREAR b viZ
wRATEENS,

Se(fo)=|H(f»)PSS») an
(16) R & UNRDOEOFHAROEE L FEDOH I EE
PEZTEET 8 2B LIBEOA FRHE L EOH
MR E L RO TERET — 5 2L HBE0OK FE
B » o5k E 219,

{1HODESK) [£6(6, 1) cos? (6 @) ab)*
- PACTIAE

—~{[76(6, £ cos* (8~ prao}* 18)

KEBICEHABIC DT B — 2 BRSO AasEES 2 A
WTHESETO E(WBROEIAAEOTHMOEE
0.96~0.98 L7¢ %, ZDEFSEHA(12) & D FHHEEBR- S
DAMEEF NS A—5— S OEHN 0F%THS & LTEH
BLHOT, SOENKE L LIOERS, HEAS
BER 2 WIREBIGE s TOE & D A BV TIRE
DFEZEEOEEI /NS EEZ NS, (5)RTBT
2 u DERFEOHAIEEEEZ TEBT — 5 2T
ML 2~ AU BEBTEDEL D b/NE LS BB I L5830 m 5,

20, (a) Laboratory experiment,
regular wave ’

njm

0 10 20 30 K

10_(b) Laboratory experiment,
’ irregular wave

Ratio of transverse forces to main direction
force (a) in regular waves of laboratory
experiment (b) in irregular waves of labora-
tory experiment (¢) field experiments

ZDFER Co, Co BHIEUYKRE {25, BRHNCES
BERREDE L —BT 22T TH %, Fig. 9 2HEEEL
BhE, BTEANOHDOE—27{E*BafER+HcER
HRT Wi WERLNASNE DT, HKEBEOKIIEEN
IRFBOFELRZOBEYTHS S, AFEHAIL T
3 RRLFREDORERT 26 - THEATLUERTH, Fig. 12
DEME 2L R TH o7z, Fig. 12 OB R BEECED
NIEENOBRHBENE ED LS TEZLBPOEELR T —
STHBEELD,

Fig. BRECFEFFAREAEFADON L EFADIDL
ThHb, BEFTREREND 2YTTREEEPOBR b
T, ERNSGEbNTWE LS, RAKPFOEAFRA
DJIiE Ke $% 10~20 DEER TR & Vs, ERENOTH
Rl ik 2otEMIZR >0, EEAEDOITNE:,
EEBHOBEIE, BFOFASEEOEELH->T, 2K

50 (a) Laboratory experiment,
Tl:; regular wave :
40 X o
° o
o]
30 O“—Q—lTQ_
20 —O——0-—0—0 00
10f  oo0—0
0 10 20 30 Ke
30r(b) Laboratory experiment,
Te irregular wave
Tre
20t
1.0t
0 10 Ke 20
30r . .
(¢) Field experiment
T
TeL
20¢
1.0t
0 10 Ke 20
Fig. 14 Ratios of period of transverse forces to main

direction forces (a) in regular waves of labo-
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