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Steady Drift Forces on Very Large Oftshore Structures
Supported by Multiple Floating Bodies in Waves (11)
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Abstract

A numerical procedure is described for predicting steady drift forces on very large offshore
structures supported by a large nmumber of the floating bodies of arbitrary shape in waves.
The developed numerical approach is based on a combination of the three-dimensional source
distribution method, the wave interaction theory, the far-field method of using momentum
theorv and the finite element method for structurallv treating the space frame elements.
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Numerical results are compared with the experimental or numerical ones, which are obtained
in the literature, of steady drift forces on a offshore structure supported by the 33 (3 by 11)
floating composite vertical cylinders in waves. The results of comparison confirmed the

validity of the proposed approach.

1. M &

HIZ g garel HY Zuigel wet
TAE Qe HFTA[1]2], A3, 4] 5
B 22 2y YR HYr2EL oo B4
2 AZE 2y AARFReL o] AR 2
A7) % & AFEA ToZ o|Fojx glony,
ol 2y YT 2Bo FHRsl= FAY L=
neEkEe ¥9E A8 Hrkslrl YaE 13
FAHE ohzl THAW 2 23 FAH
A e U sjajo) 27}

Pinkster[D]x ©EHA0] AABFH Al
glojA 3atY Eo|HETHE o]REj ZyHw
o] & HEste o el dY AYERY
g 2% Near Fieldgel o8 Astgded =
Kagemoto F{6]& th5 F-Aol 2k A
748 nAg %‘H FAlZol chel e AE3t
A o8& 83 Near Feldgel 2 A4}
Ak 28 Tokak 5718 ts A2 24
Tl 33ty 5ol e % $XAA Far Field 3
of o8] AYEFHE T+t

#Hol EA7zlo) o] AB7H] olBE &
gted FE3hn A vherel JdAdAr Rl A
EHEE Far Feld H-& olg3dle 73 o7} 9l
tHal, 9] vt she] AEMMY 2y E
o} TAHSHE st} vl ¥y Rl
oA AA® Zdiy sIFrFREY FAEFHAS
TF& de A7 A9 gl Aol

W 2 dyoe ste] AEzhde){6),
(0] & #e4wl]~(141& o)8st g
QAP FAS FARARA FENAT 20
okraEe] Bgdg nad YAEFHE 7
3= At FEE el en tee] gy
Aol 3 A=A AUFEE e 72 Ay

REEMEEHCE B 33 % B 4 P 19964 118
— 66 —

A R A6l 2 we] 9% AXAE HE
HadEgegs B ubiel BRAe sy
ok E# ool 2UA Ralol o&) Y o
FzEol tisl AENL el AT} nest
7 e ANS ME I PEVOEN BATFH
ol th3t ArEIHIS) Ware Wrlelc)

2. 012 3y

208 HYTEEY F2IY P ANEHAS
Sdstrl A% ol2e 2R, ARTE
£ 379 4y BHEETEL T, fAe g
4, ugdon sl fAlel LEL uslwe
108 ¥t R4S dAlgel §HALES o

1% 771258 o Aoz otw, 27 1 A
g =712 o a8a AREHe RE
oz @s BAM Yx ow o, #B
Q) ASols FHYRoR BT E, theee)
ARNRATE EsFe A Yo, | AR
A gea= 3]-’:‘:""%’-4 A 2= 7MgA
Yo Yol O A7} EAEA] g
oz @} U}Zl‘l}_i AR A = AL R e
2 ¥,

Fig.l # o} HJFfoyd Ftzyd Z4
2zt #ABA o, — x;y,2; (i=1~N) & 3=
N74e] 324 de] gadel 2R A2 A" of
B YT EEY AT FRARAE Azte
o 28 4 HEA €Y o,  (i=1~N)

(z'- 1~N) g %awb F

o

2 fo

dr o oX b N e 1

).

= R 7

e Yoz w,
el AR )4 AF F71258 s

e B AARA , G=1~N) o ¥A 4



152

¥

Fig.1 Definition sketch

A TS o5 o] & 4 itk
¢f (r; .6; .2) =

((a)7 + 5437 (T (4)

+ﬁ;g(—iwvh {RATIT;1) (¢]}

1+

(j=1~N) (1)

A71M, (7,, 6;,2) & AARA ; o F4
43 F®Ao)T, {q;}7 © AARA j 9 =
29FREAZ ERY YRUAlste] 2elae) A)
FHEe) Aoy, [T,] & AARA 9
F29F ARAZ FAY AANEH 5 o) AP
Brel B3 5 o 24 4F FEAZ FAE A
ARH ;9 YAMERE WARNSE FEHP
ggolck R (g} = AXFA ;5 o Yars
= AERE 24F & wEo)n, AR
o F2 9% AFAZ Jehd Rz AF
A Bessd®4 J, @ AE #3938 Besseld
& I, o2 A" ¢ ¥ Hiugely, ¢ =
A QAT ZRHSolT, g, £ AXRA

A4, 2EA, TG, o1 RE, AAHY

o] el BAWS AZo|: (4,}7 = v
o] How FEHE AR ; of JYah= 7}
Aol sAzkxl dAd" dF 9Fe 9=
diffraction £W4Q ¢.° 9] AfHE ) Axolct,

¢ (7, 0., 2) = {AYT {¢F) (2)

q71M, {¢P} & AARA 1 o AIEH
§ 827 stz wEjoln] o] APXERE= A |
£ n# Hankel® HY 2 A 2 2 43 d8
Bessel¥4 K, 2.8 ¥Algch

w£g AARA g 7} @Rz QD o
gow vy £xaLog 25D YL Ho x|
ABH & Bess Hi A A BE
7H Az 979 9% radiation FHA B
£ e o] EAHNR How wrh

$if (r; ,6; ,2)
={ R, }T{ ¢/}
={ Ry} LT, { ¢} (3)
d7|x, AxNE { R, }T o HEL AR
A 7 BEoR EAsn U= A e
o &% 2% radiation 2AE Fo) AoAE
Agrolt}. -
AARA 5 o) RE A} Zeldol) tidt diffraction

T2 diffraction HeFE [B;] ol <) vt
Zol AR Utk

¢° (7, 0; ,2)

=({a)T+ 3 (41T

+ g g(—iaﬂ}u{Rh—}T[ T:1))

i+

x [B;1"{¢"} .(i=1~N) (4)

Transactions of SNAK. Vol. 33, No. 4, November 1996

6’7_



T YAR AXR 20y fFFEE A4eE AEFE (D) 153

meka, A 2)9 AALA ;5 o o EAY
3 A( 4)014 The Ho] ojxick

(A) = (B,){a)+ BT, 1A

i*;

+ g’\;(—iwf{?‘;lﬁR,,-}))

i*]

(j=1~N) (5)

Ao oA, mMAFE (A}, (i=1~N)
D g, (I=1~6; i=1~N) o|ti, N 749
33 AR RAE 2e Fxe P 79
AEA A, ANFANY FALRY PET
Ag nei@ AFFzEe F2EHE Pl 9
HME 948 e el ozt NAY A7
B FRAYELE IFsH= A LEWA2o]
gasith mepr, 2 HA SEUAg4L neLE
olg3hs Huasel sl thed o T2l
=3
([K)1=o*[M)—i0[CD{n)={(F} (8)

o714, [K]1 , (M] 2 [C] © 4%
ARpzel ZAYNE dFYPY 9 Yoo
ARgzel ZAYE 9 AFPEL HRFRE
STETER( BAL )E IAERs Ao o P
AR Tz YL L HUY FAo] 2P B
A2 Rayleigh 4§ ol837I2 gk (p)

AHrEe] B4 FAEWeoln (F) &
4918 ZZWge]ny AANA ] HREHHAAN
A7 )8 AHEEM, 2 ol9)e] HFYelAE 0
o]},

a8 AL ;(j=1~N) 7} 4%
ZE 2= HRAHANA Yrislold B9
HAZ2 D' Alambert 9 Yo 28 g}
o} FojZlh

2_; [0*( My + pta5) + vy — Ky 17,

rle daocfr

REHEAMPEARLE B 33 8 £ 4 % 19965 118
- 68 —

- iow [{ a) T+ J{ANIT, ]

-

+ ﬁ" g(‘ ioni { Ry} "I T;1) }

fo”‘[{,p,’.H fLH{a,)G,- ds ]n,,-ds

(k=1-6;;=1~-N) (7)

A7H, My, = AARH; o AP
W BHEAS, wy D v = AARA
7} gEom Eash: A9 ATYHN W7t
@ Brbae 9 2aARoln ten gol vehd
+ gic, ‘

u,,,,:"-pRe{f fs,,_ qbf-nk,-ds}.

u,,,,-“———pa)fm{f L}l‘¢§nk,-d5]

Ak, I=1~6 ; j=1~N) (8)

¢5 £ ARNRA ; 7t @50 Exjshe A4

o golA, ¢ gl BeldE AFow $EEm

Ve AAEA ; o A+ WYY radiation T
Hoj3, thEa} o] Tt

oi= [ [ hGas .(1=1~6) (9)

oy £ AR 7t dEeR EAsm [
Mo oS NEog TSI UL we
Radiation T4 ¢F o sorce BULE vhepd
% Ky £ AXRA o #ARAACA B

F4ol 9% 2YPAFEA o] B A8
T e AARH o7} e 230 49 3
¥/ "asid ¥ op B 449 Uxeln, G,
£ AARA 5 8 A5 TR Green Barolt,



154

w8 WE () ° F WAl 4% (¢} 9

F @iAe] ARe] it ARzt dse] A|x§A
;o Are 499l diffraction EAS HEEA
Ag T Aol g3 FHAe AARA 5 o A
$FHAS] source o WUEelR, diffraction
gy ¥ [B]T o F B9 848
78 o o] T3 Zojg) 2x n, = AA
24 5 o k owdke] duisl wgrddeln, Sy
E AARA ; 9 FFEdelnk AY FA ¥
S A6 )3 A 5)e APPANS Fe
A o3, AFEE (A}, (i=1~N) Rl
FARES BAHHNZAY (5] 7F PR
EARYAZNE (5) 7} FHAR A¥TEE
o] FZ RS 8ARHYEE ol8ste] Tt

5 T AT 484 E pais)
of FaAl= AARA ; o HFEY Sy 2

—

S
O','T"'_.'

source®) WUEE JehE figgol 27

gto] thext go] vehd 4 ik
o= (AN (1B1T) {a})
+ g—iwmjﬁ

AC10 )] 93t ¢ 7t FAAY, EFEG £
FRUAEE o33 go] AL

(10)

— kz 2

Fx"__g%%jg | H(8) | *(cos B~ cos )db
(1)

—_ kz 2% . .

Fy=a [ 1 H(8) | (sinfsin6)db
(12)

T .. W S TP T

c= g H(OH(6) ds

FAE, 2EA, TR, olAE, A7

— s eat, () (13)
o 7] A,
() = _coshlky(£+ W]
H (0) - ffS‘Ha ' COShkoh
x { tky( £sin 6— ncos 6)}
xg"ikn($C055+rlsin5)dS ( ]4)
. _ . cosh(k(¢+ )]
oo = | fs"" cosh ok
xglﬁn(.‘cus0+nsin9)d5 ( ]5)
K = kytanh kyh (16)
__ 2k0h+ Slﬂthoh
D=7 cosh 2kyh (17)
o} o] Aoy [ = 44 debierzA,
h—oo U D—1 ol €5 & FeF4Y
2% [ =1 o] 9ck ®£§ H(8) & Kochin

48 vepin e 2ok

HO)= [ [ o

— ky(&cos 8+ psin ) ds

cosh[ky(¢t+ k) ]
cosh kyh

X e (18)

wg, o] AAFADZ o e vt
2R AEZHE mEEA g Z4 ) ALK
73 % BREWES

F% A9ele e Hg
o g8k

o, = of + g—z‘muaﬁ (19)

7N, o = ©sel ALY ; o e} 9
Aere n@ste] 7 diffraction EWA0T, of

Transactions of SNAK, Vol. 33. No. 4. November 1996
- 69 .



che] A2 AR 20y sl Bl AHses AARRY (D) 155

= wEe) AARA ; 9 radaton THAdelD,

o EaWgRBog olg o FHA o,
=1~N) & 2E 2ol 102 ¥EAA o
g 9 E5Y Aol ol gtk

.
J—

34X B2 R 28

2 gade] RS HES| Y8l Kagemoto
(6] 2 A4kA 2 Fig2 (a ) 9 footingS %R+
FU AARA 2l ANY RETEZES
1:309] scale® AU APXE £ Abdzst v
WHE &rig g} o] Bl ARM:
footing® 2 2WAY AA$A7} Figd # 2
o] 38 11gel BHS wixy etk Age
L=164m, A=90"% 7% diz] 2ged
o] ARERE 5881HM counterweightHol <3
HHHe| 230] gaH o), ARrEE diF 243
9] Ql9=7} Brbs3leE Table 1 3 $o] 7Hdstn
R A E= 2.1x10°,  4.2x10°,
2.1x10%°, 2.1 x10" kaf/m* o) 4FF ha)
FAAAE YY) ol Pol AL FEA
g 2v), 109 100002 F7HATIE FP3E R
HEYAAE Y8 g2 FURing Agrg
o) Rz BBt} Ao ERAL S4E
ol g dae Aok & Q1 gFelct

g=xiel diffacion SAE Fi7] 98
Fig2 ( b ) & o] B9 A+HHE A0
AR A TR £AL 54m ojal, (2 )8 F
§7e e AL SN n=2 )T St ©
Z74re ZAHY Figd~Figl3clM 71259
KD & 9% K8 AFERAIAY 2A2F
[ 2 RAshe gudisel 25048 e
W HE2e Y 9k ( Fgd~Figd ), X 9%
o] B%Y AE( Fig9~Fig13 )& Jehiin qch

Fig4567¢ Z894 A7t 22 2.1x10°,
4.2x10°,  2.1x10°, 2.1 x10" kgf/m’ ©)

REEMPERICE £ 33 8 B 4 % 1996%F 1A
. 70 —

3, #GAE 90°, 2AFAM A" 164m )
72499 Y Wake 7Y Ago AMtAse 49
278 Jehia g EHL Kagemoto 2 44
Aijojr] HME HEwPY FEE FA¥L
diffraction @A 2 7HAste] she] 437Hd& 1
$ Kagemoto 9 AlAtzlelt}, Kagemoto & ©%
o] 2Al9) diffraction E4& £ FI8LPo
2 Fe3 AE o8l Fede B AN
E43t n2ARch AHde AENHE el
AAZH $12] ARTZe S TIEtd T
FFE B Addneln AL o] A4
uhg sl & M-S FAlEla ARTE
o] g9 T3l ERHS T £ ANHT0]
t} ol gk AR FHFZEY €@
Aedg FAIET diffraction FAE 7135t a1t
o AEIMNE welg ¥ ANATfelu] ARTE
Zo] glo] aHg-FAghe] od EHHE Jehln
x, AYHNL FY&A dffraction FAZ 71
gto] zhe] sjalubg meidle] T 2 AatE o)
t} Fig7 & X3 olH4Me diffraction THZ
s ERHE v AsKaEe HAsherd
Axel Agrde] e sl EFHEE T
3 Anrt B Agae] 2dsn UgE ¥ 5
otk olRAL 7 0 B YA A 4

298 BT A9 YojuvkAl G Y
Sway, Roll®) ZA&%c] BEFH A2 77|
fFolch ojshge Ao o3 2 sAlgo] Hi
o= AL ¢ & ook Fig8 & 45ig nd
Sn ARTZe) $9& Tl ERAL 7¢ 2
Boln. 749 F7lel WE EFY WS el
T itk Fig78 & ®¥ FgAd At
2.1x 10" kef/m* Y o ARTxo] @AY
o] deke Aol yehiz| ¢n AT 4%
o] uyehn UYE AE ¢ & Y&t
E=21x10" kgf/m* & oo} A4rA7t 48
Aot & dAF Y AL B Agrds] Ay
Fz7} BARAZ A A ¢ 5 Aok By
Apztel 90° QA 7AS, AEIHIE T @
st H7e e ¥ 7 L, B4

A3l 4%
2o dgo] RS PPN it UeE
I



156

D=5m
— T
a N
G.GMM

N~

8m

Fig.2(a) Sketch of a floating composite
vertical cylinder

Fig.2(b) Submerged surface of a floating

composite vertical cylinder
represented by 200 panels

T}, ZEA, FAM, ojas, A

Fig9101112% Z94A457 2zt 2.1x
10°, 4.2x10%, 2.1x10", 2.1 x 10" kgf/m’
o], WA zE 07, PS4 Ad 164m
A%9) X weke] EFY Ao ANANRE e
W2 ok Figd o AS A¥+37t 438 &4
§ Aejolmz AR7ZO AW EFH
mxE dgo] AE F AL 2 5 Uk 19
W Figl12 o ZA2dg] ZAfole 472 &
A EFolut X wska] Surge, Pitche 7Hal %ol
o} 2 o] Aol vehba ¢kw ek Figl3
oA ARTze ZAe] Wt BHAY Wizl
2 gere maoz SRS nAY Faal
Adte] Hadrhe S Yehlz ik

4.4 &

2 Aol #HFE AdzD 2 ALzAS
ojA QojRl FoP 282 oS3 At

1) Aaztdol 23 FE84HE olgdled oy
TxE9 tae] gy AARAY FA
g8 dE7hy 2 d4egE g oy
PR sgT2Ee ERE SNYe Agel
ok

2) thre) Bk A RAe] slaf AR HHT
28 T 7|20} AYA L ARG & 3
Hol o ANAE Mz HE-AEgo M

2 el elede A

3) WY i HATEEY Ay TRy
Agdo] ERHd & Y& nA=E BF7Y
& ANY ¢ B43de ma ¥ dadt
et

#
2 AT Hrley EAQETARYE

HErzE AT 1Y ALY A7
AELIBIS

. Transactions of SNAK. Vol 33. No. 4, November 1896
_ 71 _



cheg wAZ ARH 2y HPTFRE Apehe ALEFE (I

(A

o O

C

4

D/

\S
/A

®
SO
S
A ¢ g
> % £

SYAS/AS /A /A

7]

R\OI/ZRNO 7R\ 7ADNC 1R\ C7ZD\ O 700

/AN WA 77BN

—_—
~— WAVES

—
-}

3

0 deg

Fig.3 Sketch of an array of 33 ( 3 by 11 ) floating composite vertical
cylinders and beam elements

KEEMBERCE F 33 8 £ 4 8] 1996F 11A
|

h72

157

2.5m

6.6m

Fil

(b)




158

W.D. = 80deg.L = 16.4m , E = 2.1E09

0.6 T
Col. DNt Probbem
W inciend
0.5 | cat e Pt
) e brpsmorion
.g_ ——
[ Col Frwwst Renmits
> i naractieed
. 04l —_—
[ ColiPraaem Romdts 7
Aot [RrApem— A
- - [
e 0.3 b Colagmems i1882) I, \
W wi Imarvcdond II'
Exp Wagumens 119061 5 \ i
L]
oz} I /
RN
0
[+] 1.5

Fig.4 Mean drift forces on 33 (3 by 11)
floating composite vertical cylinders

(B=9%0°. L =16.4m. E=2.1x10"kgf/m®)

WO, = 90deg ,L = 164m,E = 42609
0.8

Col D¥ivantion Problers
i mractiard

0.5 =] cutwmumen Probben

e inimruniion)
Cal. roppam fomnibuk
LA ]

o
-
T

Cal Promarn, Rt /\
wiy iniarestend

Fy ! (pgtiNzD{2)
(=]
b

Col s (1 288) Il/
wi Intwwctiond '

Exp. (aguwr |1 $06%
L4

Fig.5 Mean drift forces on 33 (3 by 11)
floating composite vertical cylinders

(B=90°. L =16.4 m. E=4.2x10°kgf/m®)

FAY, 25A, B, 02T,

W.D. = 90deg,L = 16.4m £ = 2.IE10
0.5

Cal.iDifiraciion Problerh
w/ Intweuthed

0.5 [} cutmitiacion Probiem

wify inbpracibin
Cal.tProsant Resulty
wi W actond

NxD{2}

04

2
-

ol Prasens Rasudns
wio iearacuon)

Fy ! {p2l

Cal.agemarn 113881
wi Wtwation)

03F

Lap.Kapmono 1V BEGY
[

0.2

0F

Fig 6 Mean drift forces on 33 (3 by 11)
floating composite vertical cylinders

(B=90° L=16.4 m. E=2.1x10"kgf/m")

WD »80dep,L= 184 m, E = 21EN
0.6
Cot.OMVwmbin Problion
wi Inmracdon)
0.5 ! CutDtrwarston Protiem
P by bpermitond
é Cal.Premt Ramics
= asl [ g——
q: 0. —
2 Col.Prowert ot A
- wio Inarwction) {\
- - [
w 0.3 || corepmen nsen [ 0
W wi N
i \\
Ep. Waquroen (1908) I '
. oo\
o2t v
2
01F
0 0.2 04 06 08 1 1.2 1.4 1.6
KoD

Fig.7 Mean drift forces on 33 (3 by 11)
floating composite vertical cylinders

(B=90° L=16.4 m E=2.1x10"kgf/m")

" Transactions of SNAK, Vol. 33. No. 4, November 1996

- 73_



Gad ¥z AN 208 APTRE Aishe ALERE (D

0.6

WD, = 90deg,L = 164 m

4
w
)

o
»
T

o
w
T

Fy  (egliNrD/{2)

CallE = 2160
wi

ol € = 4.2609
wi Wntmhattion)
CuiE + 29610
w! inceracian)

Cal(E = 21610
wi W gt}

t.-..un-:uumu

02}

[}

0.2 04

0.6 08

Fig.8 Mean drift forces on 33 (3 by 11
floating composite vertical cylinders

(B=90°. L =16.4m)

W.D. =0Ocag.L ~ 18.4m E =~ 2,1E09

0.5

Cal {Franan Pansina
w/ marsciion)

Cal.tPrasent Ramits
v W v

Cal.Eitlraction Prollem
wi sk

€l i0¥ W ction Probiem
wis Imaraciion

1.6

Fig.9 Mean drift forces on 33 (3 by 11)
floating composite vertical cylinders

(B=0° L=16.4m E=2.1x10"kgf/m")

159

Fx / (p2tiNzD[2}

0 1
o 02 04 08

WD, =0deg,L =~ 164m,E = 4.2E09

Cal. Pranary Famiin
‘v interectiaen)
wis merenient

ColDiirrinn Froidem
w Invecter)

Col. JDMrorsin Proldor
nfy Itwractiond

o8 1 12
KeD

1.8

Fig.10 Mean drift forces on 33 (3 by 11)
floating composite vertical cylinders

(B=0°.L=16.4m. E=4.2x10°kgf/m")

2
CalPridem Rashlin
w/ imareciond
Cal Proser. Ramis
E‘“\ wiy weciod
AR ] o
* Cal.iDitfracdion Problem
z w/ inmracton)
K+ - .
[} Cal ittt Prokdam
a . Wi o x
et e
S i
2T 3
I
c
A
co
i
po
P
I
.
0 L - il ~d==
02 04 08 08 1 1.2 14 18

W.D =«Qdeg,L=164m, E=21E10

RESEARERICE # 33 & % 4 B 1996F 1A

_74...

Fig.11 Mean drift forces on 33 (3 by 11)
floating composite vertical cylinders

(B=0°.L=16.4m E=2.1x10"kgf/m?)



160

FAAY, REA, EAld o] E A H
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Fig.12 Mean drift forces on 33 (3 by 11)
floating composite vertical cylinders

Fig.13 Mean drift forces on 33 (3 by 11)

floating composite vertical cylinders

(B=0°L=16.4m E=21x10"kgf/m?) (B=0°.L=16.4m)
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