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3 A computer program based on the linear wave diffraction theory. {
using 8-D source dlstribution method,’ is set up. " This pr?am calculates ¢
the ' first-order wave forces. response motions, steady .(mean) horlzbntal_ ;
drift forces and vertical drift mpment for a floating bod9 in a regular wave \
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system. The steady drift forces (moment). are evalvated by.the far field
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approach. : - R 2 i
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\Uhen a ‘I'Ioatlng body ls expoaed to an Incldont ‘wave syatom, in

addltlibn to apparom osciilalory motlons. the body has ‘a tendency to dritt

amly in lhe\dlrectlon of the wave propagatlon and to changa its orientation

Jin tho horizontal \pI no Thls phanomenon Js due to the rofloctlon of the ",

. h
wa've at{ﬂ lhe phaso lng of 1he osclllatory-rmot!on wlth\reg@ﬂ to the

»

incldent wave syetem . \ ;L o : o _

& " . . .-
O

A T\he 'fbrcos . ai_rd- moman't‘s'- oxqﬂed}' on the ,,fl_oating body by the

aur'roun'dlng' fluid will -lnclude not only the 'i:dnvémional 'uristoadv'/ 'excillng

-

; I -
cornponenls whlch qiva rlse 10 tha osclllatory motlon‘ In waves, but also -

-

hlghar order steady a?d unsteady forces due lo varlous nOnllnaar .effects

- These’ hlgher order forces are . gonerauy ‘too small to

) order osclliatory motlons of the floating body bul nevqnhelosa can be
#drco and drifting moment of ‘tti'a body in the horizontal "pluno' For
mmpla. lho drifting veloclty of 1he body will be go\mmed by the drifting ?
'_forco ‘while tha stable heading angie of 1ho floaling body will be governhd

by the cormspondlng drifting  moment. .Thoao forces, and momaqnts aro'

- therefore ot. importance In the design ol’ moorlng ayotems and bow

" -

thrusters. - , _ A, PR i
i . A -
- . [ . ”-’ ) y
Although tha theory ot motlon was well ‘established l‘lBl l‘lﬂl. .the

A} i .

.

1

. Important In certain circumstances. particularly in consldorlng the- drh‘tl’ng o

L4

]

o be—— e teta e
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‘,anqu‘gls of the drifting force acting on a ship with zero mean

domplete
' ) . forward sgeed was _not obmined untll Maruo (211¢1960), who clarified -the

‘ * %'  relationship between drltﬁhg force and.- all aspects of wave Interaction:

ol ' %o Newman [281(1967). generalized the theory such that dna vertical drifting

N " mioment was included. . 3 ~ _ .
‘ l& S '
o - P
In the paft deomde. due to the demands of larger floating offshore

onventional méthods in the motion ‘calculation based on_the strip theory
" . 271, ‘or ihelstender bogy appr'*oxlmalion [22] are sometimes inadequate:
th;gefore many' computallonq turn 1o lhé three dimensional am:}ca
. ti\istrlbutloﬁ method. The basic contributions to the appllcatlor; of this

technique are the papers of Lebretpn and Cormault (19101969 and
*  @arrison and Seetharama Rao [71(1971). '
- . o \
- e . . . . .
Faltinsen and Michelsen "[41(1974) used the same technique to

.mgment based on.Newman's “far fleld" approach.

* L

:Tho main purpose of the presant work is to develop a computer °

prlpgram to calculate the oscillatory motion. drift force «and. moment.

@

SpB‘clhl attention has been given in the design of the program to simplicity
” - 2 ' & !
- of Input data for generating of required body shapes. and also’ some

5

{

i

:' . ~of the ‘computer cpu time could be saved. . Although the theory and the
. e .

i

- A method of calculation used are nol new it is belleved that the experience |

‘\E\ . I‘-“

galnod from this computatlon is holpfﬂl for future advanced studies.

c’il’ ._ ‘l‘, . L . -~

] A

| struétures. e.g floaling * il plntto'rmg and storage tankers. the .
i . f .

calculate the motions of a rectangular box. and aiso the drifting force and -

‘_ ‘ s W ql.odlflad numerical schemes were incorperated. so that a certain amqunt'

Fr

meiix —E - —
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' ' M__ATHEMATICAL MODEL I g

w2

g

Tha malhematlcal model of the problem ‘Is dorlved from =m9 dypamlc
equlllhrlum batwaan id'rcos and ,mornanla. A right hand carlaslan co—
ordlnato aystem tx'.y. )ﬂ(x,.xz x,). seo ﬂguro ('I). ﬂmd wlth respact to

the mean posltioo of tha body J’s tfsed ullh poslllve z vartlcaliy upwards

\ l

-

T

thgough ﬂ're uenter oi gravity ot tha’ body am:l the orlg!n i,ﬁ the plane oi 1ha x

v

unﬂlsturbod free . aurface '.' . L o J b .‘:. '.; Wy

Wa assuma lﬁe ﬂow field .- "'lri 'gn Idoal fluid and irrotallonal so:"'
. & J o

thore exists a volocuy potenllal o, whioh ullaﬁea Lapldce s equation In the .

'!' i . 3 ~
'

.i. o-..I. . * .
v’o-o. B 2.1

."?
4 2

Let lJl be the oomponom of tho genoralized body .valocuy vecior of Iho

floatlng body. (U, = surge, Uz' = sway. US = huvo.; I.J4 = roll; Uy = pllch

Ug = yaw ). and n, be the -generallnd “unit® out\ward normal vector of the

body audace l e. . ) J
: - \ )
A -~ . - B oy
Ut' {ﬁ. l“'osus ' ] ' S " ‘2.2) -;-

. 2.8, - = e 'v--.fce.s;-:-‘

Yo, 145 . C .

where T Is tha linear velocity of the body. i ls the angular voloolly of lho

body. ﬁ' is the unit outward normal v-ator of thc body suﬂac.. and r"&a
a, e
the poalllon vector of the* body surfaoo. PPN e sl

#
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. . \.
Assuming that the motion of the body Is small so that coupled hlghar

‘order terms of the linear velocity and angular valoclty can be neglected,

then the linearized kinematic boundury condltion\ on iho body surface S,

\
.can be obtained . %
- ” . .
'3'...—-(3+an) «A=U AT (XA
CU=Upn: *1...6 . on 3.5_ | . e e SERERN L
& . g s ) I . "

PR

The kinematic boundary condltlon on the sea bed whlch Is aasumed K

t0 be flat reads ot ‘ :';'5 ,-';
[ Q' )
y 70 onz=h o e . (2.5
whqro h_is the water depth. C B e
. R the‘ atmospheric pressure is assumed to- be constant npqlvs‘ the free

e

surfaca and tha incident wave amplitude is ‘small, lhen tho‘ comblned'-

llnoarl:ed klnematlc and dynamlc boundary condlllon on tha free sur(ace Is
-,—fr»g-—-o. on z=0 A - (2.05

From aquatlons (2.1) (2.4).(2.5) and (2 8, itis noﬂced that o carL not

- be complataly sotvod since U,. in oquallon (2.4) Is st rlot known. ‘l'ho

re!allonamp botwoon ® and U, can hn found from the dynamlc boundary"

_condltkm of 4 on the body suﬁace Thls eondmon Is obtalnad by uslng

" Bernoulli's qquatlon ‘and Newion‘s law of motlon. - T .

‘.' L9 "
"

' £ 20 2
J "’ 2,0:. n,
. -u,,,u,,. jm .8

*pgzl‘n,df * (F."_)-‘

o@n
i . :

. T . 4 :
.- Equation (2_.,?) is‘ known as the equation of motion of the body. The first

. * X . " th



*p
<

_‘5_

!
term on the left~-hand side of equation’ 2.7 ropreﬁemg the generalized
forces due 1o the integration of pressure distribution over the Instlantaneous
wetted surface 8,(t) of the body. (F,), are the external generalized

’ iorceu.'ﬁhiéh are asg‘lum'ed to be known; . due 1o other spdrcos. (for
example, mooring cables or bow thrulsters) Ihe; rllgm hand side of (2.7) -

_ are  the generalized inertia forces. where Uy is the acceleration of the
| \ body (the d;)t sign stands for the total time derivative). and Ml; I8 the
goﬁo'rallz-ed mass- tonsor'l of the body: If the 'bodyl goomo&y is 'symmelrlc Il".

with respect to x-z plane. (l.e. x,=x; plane), M"‘ can be written in" the

matrix form: o Y ’ - \
_ : \
M0 0 0 Mz 0 '
0O M 0 .-Mz 0 0 3 '
i M= 10 0 M 0 0 o0 2.8 |
0 "Mz, 0 1y 0 -l
Mz, 0 '00 0 Iy O
(0 0 10 g 0 Ol
’ e »

7 by e o
where M is the inasn ‘of the body. z, Is the z-coordinate of the center of

gravl_tjr. 'p:_'“ the .motﬁant of lnpnla with respect to the coordinate system

' |
and is defined as: '

';1-3’»3"‘,! Py IX,K,GI'X,thd_V f.k.!z"l.2.3 ' -
b o
where g, Is the density of the y. V, Is the volume of the body. 8, Is

A

the Kroenecker defta. . , ) o
; 5 ! T L 1'.- .
At this stage. the formulation of the problem In equations
t2.1)(2.4)(2.5)(2.8{(2.?). for the motion of a floating body s

completed, and from these equations ¢ and U, are to be solved.

—. S e T—s. 4
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Chapter 8

STEADY HARMONIC' POTENTIAL
.
Since the general solution of the 'pfbblam -Is rather complicated. only

the steady harmonic solution and steady drift forces due to the harmonic

incident waves are considered In the' present work..

'
] -
L4

" From equation (2.1).(2.7).(2.4).(2.5).(2.6). we notice that in

~ equation (2.1).and equation (2.7). ¢ and U, are related only through the
kinematic body boundary condition equation (2.4). therefore. ¢ “might*
_firstly, be solved.’ in toFmS of Ul' then substitute this ¢ Into equation (2.7)

. 'and solve for v, This is the basic idea.of the mathematical scheme.

Firstly it is assumed that the external force (F,,), In equation (2.7)
is such that it is just equal to the summation of all the second or higher

order fluid forces acting on the;'hody. Here the “higher order forces®

means the forces due to the product terms of first order:¢ and/or its

derivative. In this situation. the motion of the body would bi_ooma purely

harmonic with the same lrequan-cy' as that of the Incident wave. then

'oqunllon (2.7) can be rewrltto;l as (see (24]))

\

54 w. ‘ ‘.. d2 - .
é[bp'o—t'nlds-lckm(t)"M.“Ll."Mlk?lfh(n.l J.k=1....6 (8.1

where S, I8 the time-independent mean wetted body - surface. n:tii are the

time-dependent first ordé} lmo;r' (k=1,2,8) and angular tn-#.s.‘_e) rigid

' ' ¢

i e e
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-

body dlspl'acementa of the floating body, Cjx are the restdring coefficlents

‘of the body. If the body is symmelric with respeot to x-z plane. then Cix

can be written as g

Cys=P9Aw, ~ Cgs = Cgg= P9 [ xds
| Ay
 CpymPV iz -2) *pg [ Fds - ‘ | (3.2)

Avp .

a

Cgs = PEV( 25~ Z,) ;pg ) x’ds'

. where A, is the water plane area, Vs volume ol fluid, z,,

z, are the z-coordinates’ of the center of. buoyancy and center of gravlty of
the body. : ' : o A

For equations tg.n.('s. .. 4).(2.5),(2.6), since we are looking

for the harmonic ‘solution only. it Is more convenlent to represent-®, and
; - Y .

. b
q; by the real part of a complex function. Let’
o(F. 1) = ReletiN e %
t - — =i - .
, () = Raln()] = Floln]_e. 1 .

where w Is the froquency of the Inoldont wave, o) an 'ﬁj ilrof the

carroapondlng tlm Indopondent complex amplltudes of &(X.0 jand n‘m.
anal v, /

aubatllutlng these expressions into equation (2,1), /(8. 1). 2. 4).

(2.8), (2. 0). it can be shown that it is sufficlent to tak Q(i') and n(H

" to be the solutions ol the foliowing probiem in oomplen space:



' related to the wave frequency by the dlaperaion relatlonahip

S e ——— .

S U=, o be the solution of the following problem

¢
'n .
-8_
ve=0 . ' [ (3.4)
'a¢ ’ .
on fun‘ J i=1....86 on S, E (3.5
b ?
2 ' % . .
-’-;u ®*g5,~0. on z=0 ] } (a.g"l
" ./ o
n "% on z=-h ‘ o v 2 3.7
- -M ! - ‘m = . ¥ . II
Jot-w 00 nds-Cpn =M AR, Lk=1...8 (3.8

Uslng the prlnclple of auporposlllon for linear problems. &(X) can be

v

. broken down Into lhree purls i.e. lot

s 2 Wl ny

¢_a~§,{¢,+t’-mﬁ,) & .6 (8.9
where &, Is.chosen o be. tl)_e;—lncldont wave potentlal. &, is known_as the
scattering potential due 10 the restrained body. ¢; (J=1...6) Is known as

the radliation potential due to the cérmspondlng’ modes of body motions.

The incident wave poténtial“oan be obtained from small amplitude .

Y

wave theory., namely
* . < I R ’ g -
- g(. cosh kiz+h) Hkx cos Brhy sin B) . . .
‘%" "w  cosh kh © . . . - (3.10)
where ¢, Is-the Incident wave a‘mpmudé. p is the incident angle of the

Incident wave. which is _musurod as the angle between the direction of -

tha wave propagatlun and positive u-nxls. k Is the wave number which is

e

- mz ) . . T oy E,
—;-knnhuh : ] ; (3.7
; e : :

rl
"

Since ¢, satisfies equation (3.4).(3.6).(3.7). one may take' ¢

|
i




Fe=0. [1...7 ' (3.12)
3¢ 3¢ ' ;
— e —
an an: ©On Sy
’ "(3.13)
a N
_a%""l' ."-1"'6' on S, .
-’ o 9—4-0 /=1...7 on z=0 (3.14)
2% ‘ | |
a4 =0. j*1...7 on z==h S (3.15)
and 6quation (3.8) becomes r
\ | pt-1w) 1o 20 0 M ds + [ pt-iw) - (-lumye) 0™ ) ds - Cp ) -
8 . | g 2w, . "
"M, (. |.k=1...8 (3.16)
: -
P f .
it one defines i
: # = Q )
"Fy= (sl -p [ (@, + ¢,¥n ds o o e - (8.17)
& 5 & . sb‘ 5 . 5 . ‘ =
Ay ™ -p Rel [ & n, ds) (3.18)
. ¥ sb r "
- U M .
By = =p Iml [ & n, ds] (8.19)
where Im- denotes: lho imaginary part. then 'aqﬁaiiou (3.16), after _some
. 3 _
rearrangements. can bn wrllten in ‘a more standard larm as a 2™ order
ordinary differential equatlan. ‘
Ly * .‘ -“ ¥ I‘ . .
(M'*A')n.tt) *5,11,(” +_C.nt€t) F,-o l'k'.1"' .8 (8. 20).

From the boundary. condition of oquallon (3.13),

the physical

moanlng of @ tl-l.. 7 s obv!oun. Generally, (¢, + o) I8 ‘known as the

' solution of the wave diffraction problem. It Is the potolntlal due to "tho

T 4§

s S v S—— i, e o e L ——
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incident wave and tha Interaction with the restrained body. On -the . other

hand. ¢ (J=1...6). are known as the solutlons of the radlat#on prc:l::ler#"L
They are the potentlals due to the forced body motions of the

corresponding modes in still \n}'alot.

In equation (3.20), Aj‘k and Bjk érn tensor quantities, called the
Added Mass ‘and the Damping coefficients of the body. it cap be shown

tharthey are' symmstrlc In"J.k. Nsd ;lnca equ-él.llon (3.14) is frequency

- fr;;_qqoncy.' _ F, sis 1he complex amplitude of, what Ia generally known as

. the ‘wave excltlng force. By ualng Haaklnd s relation [24]. it can be shown

- . . that lhe't wave oxcltlng l’orca. Fj., can be expressed In term of ¢, and
' 4»‘. ()= 1...6). that the solution of ¥y I8 nol nocessary However Ihts

relailonship Isﬁl/lltlle help In the present comp{utation wark, s!nce ‘the

labor of caiculating ¢, Is minor. Oh Ihe other hand. It .tu} lroubl'o'some to

) use the Hasklnd‘s relations when one wishes to ca}aulate the wave exciting

PR ——— EE— Y e =

orce acting on a fixed bbdy. Therefore this relationship is not made use

of In this computation.
I -

¥

At this stage, the orlgln'dl problem of solving o7, and Ui(t) in
chapter 1 Is now Ir#nsiormed. by equation (3.3).(3,9) to a probiem of
. finding the aolutlon' of the boundaw—ba!ue-problem for b,ti') (0=1...0.

and the steady solution of the Initial-value problem for n,(t -(j=1...6).

Nevertheless, the solution of - the boundary-value ‘problem is not

unique. It can be seen that since any arbltrary constant times the

diffraction potential (¢, + ¢, cah be added to any -one of the potentials

¢ (U=1,..7), without vlolatlng‘th? boyndary conditions equation (3.13), a

. d_npandept. hsnca lha values of Alk and th are also dependent on ‘the -

s




o
|

\

so called radiation condition at irfinity is added to ensure uniquenass. the
| - .

general form of this conditiop Is :\

¢l"'

whare r

cosh k(z*h) "

cosh kh

1’! Xty.y

- |

V2 Ik
\_\; ‘.
1

(3.21) ©

and the constant of proportionality liln equation (3.21) may dopa;d an e,

whare 6 =

Is more or less based on “intultion®,

13

tan_ (y!x). but not on qand z. The cholce of equatlon (3.27)

-

it restricted the claas of 0, (l— N

to thoae having the propepty lhnt\ the waves assoclated wlth thern are

always propagating . outward " (i. e.

infinity.

*

aquationa
technique is discussed. after that,’ thb calculation of the steady solution of '
nj(n governed *by equation (3.20) ls atralghtlorward

the steady drifting force and moment ylll be discussed later on.

,(3.12)*(3.]5). and (3 21)

|

g

'l
|

fe .

Jd
i
I:
1

!_in the ,dlreollon ol’

Cn mo noxt chaplor. the mothod of nolvlng ¢ U=1.

Increan!ng r at

-

..7) subject to

~ by ‘using the lnlegral-oquatlon

¥
The calculation of

L]
4 : B




Chapter. 4

. i .o .
SOLUTION OF o,ti')' BY USING GREEN'S FUNCTIQN METHOD

AND STEADY MOTION n,(0)

Ll
LY : -1
3 :

The treatment of'll?a ‘boundary-value problem stated in the previous

chapter by the _Iﬁtegral-equatlon method Is classical. _'Tho' use of . -

)

singularity distributions to solve problems of Neumann and Dirichlet type .

are well known from texis such as Kellog [17)1(1928). These formul'atlons', -

F B 7
lead to Fredhoim integral~equations of the second type. for.which' a rather

complete mathematical theory of existence and uniqueness has been
developed.

L3 3

- Lamb (18] has shown through the application of Green‘s theorem
. ; - - " ,
that. for the Infinite fluld case. the velocity potentlal, assoclated with the

flow -about a body can be described. by elthéit’a simple source or doublet

‘ distribution over the bédy surface. - Very little progress was made towards

e

solving them. except for those few cases of special geometry. With the o

advent of the hight speed computer and the discretization techniques

‘developed by Hess & Smith [11](1964). calculation "of flow -.lbOUl arbitrary. :

shaped bodies in an I‘nllnlto_ fluld became 'posalplo. These techniques havd

. v ; ]
been extended to the case of fluid of finite depth with {fee surface by

many authors. such as Lebreton & Margnac [191(1968). Garrison &- Rao

(7(1971) . ' Faltinsen & Michelsen [4]1(1976).
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4.1 Integra}-EciuatTun Faormulation
\

t 2 = -

Let us consider a function of ¥. G(¥.?). that satisfies the* following

conditions a
A D ~8G:D). h<z<0and ~h<f<0 . . (4.1
%—féh ;
96 5=t - SRR

~°G + g5 <07 on z=0 . R

aa ‘ D . . '

s n 0. on z==h A ) ({.-3)

. ~ coO8h KCZ*h) —qp0 wr . e . ; .

_a ~ ~cosh kh ' e, na.r‘-m _ (4. 4)

where the right hand side' of equation (4.1) is the P?dalm function -

‘'which can be defined (in a generalized sense) by the functional

JhaD -8(F-D oD =MD . _for Tin D o (4.5)
D S . ’

‘where h(¥) is any testing function within some prescribed class. -
Applying Green’s theorem 10 ax. . and @ in the réglon” bounded

by S,. z=0. and z=-h. It can be shown that ¢, may be represented as

"

; o = [ QD .G Dds I | " (4.6)

! -
where Q, Is known as the source ‘density function which Is to be

determined. the kernel function 8(X,T) is known 'as -the 'arean"s function

o_prablem for ¢ Such a function can be -written In two general

forms, a ording to Wéhauaon & Laltoné {28). they are the 'i_n'tegtjal form®:
T . *igh .

+




T . S
N awt

! ! \ b
3
i 4=
‘1 1 ) : - “ - N ¥ ) ‘
eun--—+n F T . ot EE 0 g
- ~un_COSh [ (Z*h)1-co8h [u (2*M)] , L
2 Pv{""”)e usinh Cph). = v cosh (uh) ~Jotur ?%" o
.2 2 . .‘ ; .‘ ! : o _ _ G R
A Led 2 T T A T TR
+l?ﬂ_‘mﬂc“ﬂ U(:(;’h]]-coyh[k(l“"h)]‘-.’lo(llr':] : . : i '(_4.7)'
and the “series form-: N )
L ew
’ .2 s . : Vg
2r (VK5
-—,-‘z—’;zn—+—v-cosntktc+hn coahurmnn Y kY -1 k] .
—-zSJ-‘*—*z--——-c“ mt,ph)]c [u(:*mll(( r) ¥ (4 11.
) 08 os 1 " e (4
‘-‘ u'n‘.vh‘-(. * ‘ { A=t j 4 ! ‘ l"-,".- 'T
©owheret o\t e "." ]
vag-=ktanhan . LT T e
Rutx-02+ (y-m? + (z-H"% - ' T e
R alx-0% » (y-m? + (ze2h0) %2 I L '_ (4, m'

rat-pteomi L DRI
Yo and Yo de"‘“‘" '°3P°°“VG|Y the Bessal function of the ﬂrq‘l kh{and '

tl'le ucond hind of order zero, add K danotas tha modilled Bessal
S g .

,‘ “function ol’ the secdnd ldnd ol ordar zero PV l'n equanon (4..,7) Indlohles

tha prlncipaa valuo of Iha Intogral. u] In oquatlon (4 8) ‘are the rul’

poiltlve roota of lha equation. L EL E R .: * e ‘
. 3 . ' f B m e . . 2

¥ ' 25 y P o
u‘ran(up)-*v-u- 2 2 i (4. 18

. i ¥ } " . ‘ﬂ
- Singe equatlon (4.6) ls .also valld for ¥ ag a polnt on rtho budya/
boundary. taklng ths ndrmal dlroollonal dorjvatlva ol' 0‘ In oquallon t4 o:a _

and aﬂplying the boundary oondltlon oquatlcm (3 13) ylelda Ihe lollbwlng

l
. LR 5 -
L P " l " L
Inhgui equatlon I’or Q, e 5 iy i . W g, B : .:,;:5 -
: I () .- L I . v ey " " . .
’ i . b . _':‘. F
¥ " ¥ :: . 3
" . i
' .-y (Y
. , ?:‘ ’ ¥ y -":‘I.
T et 3 4\ S r——t . . 'y

e T e

et o 1 e i mrin T s g =

N e

—

. " z R




’ . *_ o ' ) <.
K ) 2 vc-— - f, —ain
* ."s. ] .
o - r E e T
a . ., )_"""“'-""—' . . . v
; . --, T :
y o _...n.” \.I.?”- - ' d S e o
¢S jqcz) 29 .0 ;m 1, M L e o _‘ (4.14)
. , . e * 4 A

The solution to the. boundary ‘value -problen” stated In chapter 3 row: -
[ 2 eu . o

" resis on the dqtar'mlhétlon of the 'sourca\{danalty funcfla_n Q which' ‘ig

dovo'rnad by -GQUation (4. 14)‘J It this Qy- can ba ohtained tharr-'-‘the.

potential ¢;. can . t!o calculalod dli'octly from equatlon (4.6),

LS
From equation _ (‘4 14) lt can: be seen that a dlatlnct advantago of . 1ha
=3
intagral equallon formulatlon over the paca—dlscretizallon lurmulutlun subh

as lhe ﬂnita-dlfferance or fInIto alement method, - 13 that the space 5

" dimension of" the prohlam is reduced by one. In the preaent work. the

R " 5 \ o T :
Integral-equation - treatment seems paniculn(ly suitable- slnce phyalcal
quantltleb of primary. interest, such as wa"ve’helght and ﬂuld pressure. are

requlrad only on the body boundary Space—dlscretlzatlon tochnlquea would

app@als Inaftlcient and wasteful since’ they ylald massive amoun;s Bf Interlor

-

‘data’ that. are normally of minor use [29]. =
4.2 Numbrical Solution L — /
- . : . ¥ ; . .o . .\

N).  Since ma aource denaity function Q; tj= .1 in equatlnna_-ﬂ.o)

and (4.14) Is a contlnuous. well-beliaved functlon. then If the aou;'c'a', o Y

'Intogra!s may ba ‘appréximated by summations. theroforo“' oquatlomu 14) -

becornsa e . s e o |

-1 ) g . \ I
x g QP = 17 %’i (7 e M il
' lqwnp f""'f . e W : A
- i ' B, [ o

where

")lnlegral—équatjon (4.14) "may be solved numarlcally hdglnrilng .

i anltlonlng ot the body surfaca into N panels of area Ask (k=1-

]

LR

P

.in

denalty Ia assumed (q be *unlformly dlslrlhuted onmch panel. thaaa o

e

T

B

-

3
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Pq

-

. q
hurn a” has the physica! mo&nlng that i Is the influence at the p

e comrol polnt (wlthlr) lhe p . panal) due to the unit denally source *

' T . e
distribution on the: g panel. (Qp, is the source density of the j

" (j=1...7) “mode" potential on the q" panel.

.

Simiiarly. equatlﬁrgl (4.8) can be approximated . as:

N .I_ ) - . " " -II.' ' .

(=g (Qpq /=17 pg=2N < g = 1D
"wher’en' !

pm-. J’ .G(g .‘aq{ ) . ) . . ; &(4._18)

“From ‘aqﬁat.lona (4 15)-(4.18), It is noticed that once dap, and. By,
" are calculated from dguations ‘ (4.18) (4.18). " then finding Q) s
réduct;d too a problem of solving sets of N slmdlmnaoﬁs linear algebralc
equauons of equation (4 15)‘ after that (¢l) ‘can be caiculatéd 'atraight
lomardly from oquatlon (4. I?)

“ ) - % " . ¢ . ‘_-_ .
; o /
|r
There are certain ' difficulties in the faclual compumtlon of "Pq and
Bpq: The rlumerlcal schemas will be discussed In chapter 6.
4.3 Solution of The Steady State Body Motion (D

Once (Qp, (1. has been oalculaled by the . Aunade
. discretization technique manlionnd earlier, the coofflolenta A“l. Blk' Fl'

dtllnesl by equatlnns (3. 17)-_(3. 19) can be computed in tho same way \

F'-(-Ju) -pqE‘ I‘?o“r’q("lic'% .1-1...6. . - (4.19)

I |« L R
o™ a0 ds. p.g=1-N (4,16)
as g = , : ’

t

A



Ap=PRELE (g inpgas. | f.k=1...8 . ° - (4.20)

B”--ptlllm'[q);‘,:’toj)m(nk)qasq], ’-"""-.f-:‘_’

.

Sub:lilutlﬂg the ‘ﬂ‘( t)- ]\fe ‘inta .equatl.on (8.20),. It becomes
. ) - . 2 Q "‘_- . i . ' " ! \f’

1

v

(;-uzf_Aﬁomﬂ)“fbﬁlﬂ,g-'-uahn_'ﬁ,)- e i.k_-l..._e S alea

LN
an -
v
.

:tha complax ampllludn of tho body motlan "u can be ob!a!nad by soiving i

it
' -.’ PR ' B
- this aet ol equaliona o n

: e

Tha solutlon oi ¢] and nl(t) by uslng tho lntogfal-equatlon formulallon

‘ and aur!ace diacreﬁzaﬁon tochniquo is. now complatod
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Chapter 5

L

8TEADY DRIFT FORCES' AND MOMENTS \

f

<

5.1 General description

' ln lha first paragraph of chap ri. it has boan menlloned nhat when

a ﬂoaﬂng body is expoud to an lnoidant wave aystsm. it has a tandency

1

“to dritt away in the dlrecllon of wave propagatlon and to changa its
orlomatlon In lhe horlzonml ptano. and yel In chapter 3, the steady slate
* body _-motion. which is obyluualy without drlft phenomenon was computed.

_ ‘An '\‘b'np‘l-anatlon of this appamni_ Incor.mlnlenc]lf is nacéssari.

In equanon 2.7, ihe! axact aqua‘lllon of - motion twhloh may be
._Irogardod as the " dynamlc body aurfaco boundary condition of ¢). it has
._baan assumed lhqt th sx:qrn,al force" ‘(F“)l. is- just. equal to the
summation of all sacon or highar order fiuld forces aell;\g oﬁ tha body.
80 ‘that equatlon (3 1) was obtalnad q"hsrolora. the steady component of

(F J‘ . ia ‘the lorco mqulrod to malntaln the bodys_mnn position

unchanqed while tho body undergoes an oscillatory motion. " Here.

therefore. lhe ataqdy drift loroas (and moments) mean the forces equal to

1he siudy componanu of (F )’ but wllh opposlte sign. In _other words, It

I8 'the constant pm of all higher ordar fluid forces acting' on the body

;while it undorgoos an nnolllatory motion without drifting. -

.Whgh a freely floating body or fixed object Is éupoud fo regular

.

- ———



_“9_

Incident waves, the second order force cont.alns a constant part and a
part which oscillates with twice the frequency of the incident wave. In the
present work, only the constant part l.e, the steady component is
considered. Gerritsma [81(1971) has slj::wn experimentally that this
constant farce Is “proportional 1o the aqu&ra of the wave height as the

theory predicted. However according to the tests done by Clauss, Sukan,

and Schol,l_ln. (3} (1982). these drift forces are not proportional to the wave

amplitude sqliared but ihey are proportional to some power greater than
two particularly for waves with l-parlqu in the vicinity of the " natural piich

period.

Another interesting question is. how large Is the difference between °

this wave driit force (without drifting motion) comparad to that while lho'

floating body undergoes drifting motion? 8ince these higher order forces
are generally too small to influence - the first ‘order _ni'otlon. o_ne: might
expect that the difference Iis uaulally. small provided: .that the :irltt_lng
velocity, which also depends on the viscous drag force. is “amail. Al-so it
is woﬁh mentioning "here that In head ua's the 'small; higher oide-r -forces
are ndt the sum of small_comrlbﬁilons with the same sign but rather the

difference between large contributions from the fore and aft body each of

which may be conoldor;ﬁ\ywlargor than the total [26).

e

© 5.2 Formulation of steady horizontal drift forces and vertical drift moment

The steady horizontal drift forces and vertical moment can be

o

upreaaﬁ as

(Fgy=< [ Pnas> =12 ‘ , A



(Mp, =< [ P, ds> (5.2)
8, (0

where the < > sign denotes the time average. over one period, (Fg)) .

(/=1.2) denotes the drlft.!orco_'wln x and y diractions. (My), Is the drift
moment about the z-axis. P is the hy;!rq&ynamlc-_ pressure. T is the
’posltlon- vector ol the ‘ﬁme-dopondont wetted surface. fi=(n,y.ny.ng)
denotes the unit nolrinal vecloFl of S,(b. For the shke of cnqventence.

here, we take /i 10 be positive when it points into the body. i.e. outward
. - . \ .

from the fluild domain.

»

~

When equations (IS.T) (5.2) are used to cnlculato the drift forcsa'

and moment (this is generally known as the "near field" approach) . lho

“second order effect due to the Instantaneous wetted surface Sp() must be
1]

” I
taken \‘lnlo account. That makes this approach more complicated [3][26].

Newman -‘ralnlad these expressions. by using the principle of conservation 2

. of momentum. to the so called "far field” expression. from whlcﬁ.lhe’sa‘
forces and moments can ba‘ evaluated on some cylindrical control ahrfacé.

thus avoiding the necessity to determine - some second-order disturbances

in the near field. \ ’.
"'\\ .

Let us consider the control volume. D. of the fiuild domain. which Is

¥ ] . . . 5
" . bounded by the body surface S, (1). the free surface S,. the sea bed S,

[

and a chosen fixed control surface at infinity 8. The time rate -of change

. - i
of linear momentum of ftluid in D' is L, .
d,  d ‘
dt 'BT.[ pVyav
D
oV . '

-pI-—'-“ dij' V,Uyn,de [.k=1.2.3 . (5.3)

. [+] . 8

e e e

T
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where § = Sb(t) + 8,+ 85 + 8. L’ (j=1.2.3) is the linear momentum In

x.y.z directions. V, is the fluld velocity vacto‘r. U, I8 the velocily vector J‘:[J’f
the corresponding surface. n, is the “outward™ (from D) unit normal vector

of S.

By using Eulers’s equation of motion for fluid particies. i e.

.-

L v s | .
"a"fv*f."i:"-?'{?!p*axal /.k=1,2,3 (5.4

- v aV,
substitute equation (5.4) into (5.3) lo eliminate —;- and notice that 5 k-

%,

0 k=1,2,3, one abtains

dL 2
—_— - - —
at pgl”ltl’fp axg * 5 (v,vndwp_[vu n,ds

e

=- [ (P/prgxg nds =p [V, (Vyn,~U,np ds R
8 d : ' ’ N

L]

--pj'ttwpwx,:n,w,w -upids 1.k=).2.8 . (5.5

where V

» Is the normal voloelty compononl of fluid partlcios on 8, U, is

.the normal vo:loclly component of the surface 8.

< £
Since tho hydrostailc term J' o XM ds= [ g 8, dv: (8, Is ~ the
D

Kroeneolter delm has no contrlbullon in x and® y directions, then, -if only

drift forces in-the horlzomal plane are considered. equation (5.5) can be

. x " ¢
rewritten as: ' . -/
a | . | s e ’

??t{--- £ {Pn'-t:pvl’(\l”-u“)lds =1,2 ta.g;

Applying the c'o:roupondlng boundary odndlllon on 8, l.e.

L

P ———— ———— e Cm e e ———

ot
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Ps\‘b. v,,-'u,,.. on S,

-

——  © F=(0.0.n). V,=U, =0, on S,

n
_ (5.7
V,=U,. - on Sy
U,=0. on S
to equation (5.6), it becomes:
Pn ds=- *pV V - R ' «
njds== [ (Pn+pV\V )ds -~z [=1.2 : 5.8)
sbm ‘ Sm -

Since there should -be no net Increase of linear momentum in D over
one period of harmonic motion, taking the time average of equatioh (5.8) "

over one period. .one then obtains the far fleld expression for drift forces

w

in the horizontal plgne:

« | Pnas>=-<[ (Pn+pVVids> [-1.2 ' (5.9) .

ah(n -
. The merit of the far field expression Is evident, since tho._ohi!pe of
f . L

/he fixed control surfacgsS, can be chosen as doalred\ When this surface

Is chosen to be a vertical cylindrical surface of large radlus r extending

/ from the free suriace down to z = -h, cylindrical polar coordinate (r,e,2)

/ are used with x=r cose, j’“l’ sine: V., and Vg, are the radial and

i

tangentlall velocity components: the drift forces can then be expressed as:

-

w tr-‘d)'--(J'[Pcpc_e;pvrIV'ONB-V.aInP)lrdOdi> |
. Bn .
(5. 10
“‘a’.y""J [P3ing+pV, (V,8In 6 +Vg Cos 0] r dodz>

“The far-field expression for the vertical _dr_lﬂ moment can be obtained

In a *simllar way. Let A (i=].2.3) be the ln‘b'ullr mumlntﬁm of fiu
’ ) o ..Q . ) . |
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pariicles in D. then the tlme rate of change of this angular momentum in

.D is:

dA d
G Cear [ (FxWav

D
av
o ‘:yx"l""L-at dv+pf S *) Yk Up 95 1.0.k=1,..8
D ’ ]

.
where ¢, is the permutation symbol,

motion and continuity equation in equation (5.11).

" dA

- a - i
=-p g;,s—.lcmat’(l’/p*gxs) dv

a
-p[ = Ce,x,V,V )dv
gup *"] "k "p

IERAE- S

+ j' c,,x,v,u,,da Likp=1.2.3

for lhe first term on the rlghl hand side of aquntlon (5.12),

By using the divergence theorem.

L \ ‘. =
. -
&‘* :
. ‘ )

— ettt
w-pla&, X" (Plp+rgx)+ (
dt i[l w7 ax, et ,

5.1

Again using Epler's equation of

vak)]dV*pI %)

B

. tho,ﬁot that u.[cm ‘] u‘,‘ % ‘flos\'l 0. ‘.

equation ¢5.12)

i

it becomes:

\J"|= Upnpda

(5.12)°

we have used

can

be writlen

/

e gy s e s
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Since cmvj‘v,,_-o. the third term on. the rlgh't hand side- of equation .

*
=24~ f
ﬂ-- '
r g =-pf €uxP/o+gxiln,ds . ‘
— ;\

"P:F i ;Vnd" , ..

B }Ef v ’
+pj‘ W Vy Uy 9 Sikrerzs T . (519

~

(5.18) vanisHes, ‘then equation (5. 13)" beconies:

*a

. . X LP/p+ ‘ \d'
at =P ] eu¥jP/oraxsln,ds.
s - 1 . \ o«
= I?'\ I .‘ “.. I . . I- ‘
-p_[ c,,x,v,(v.,,—u,,wa l.l.k=1.2,8 : - <(5,14)
' . + \\ . % S
\

it only 1ho vortlcal angular momomum lLe." Ag. -is cu’lnsl'cléred in

equatlon (5. 14) slnco the integral _[' ‘m"‘l"a n,ds = _['um (xg 8y +x) 'ka’ dv

- j' cmx,dv has no cntrlbuuon for i=38, onq obtalna

' 'dA _ ‘ ' . '
J‘ Pe “p XN . .. K )
. . ‘ - e s
4g£-'e,,k!v,<vn-u,.> ds. 1=8: .1.k=1.2.3 s (5.15)

5 _ Employing tho rolallonnﬁlb-ca'x n,=0 on the cylindrical su !gce 8y
3 /"—"‘“—-‘

and aubstitutlng the hound’ry condltlons of equatlon (5. ?) for 8, one has:
y - : f, '

: .- V.V da=T0 jes: g ke o ;
J. Pepxnds pj",-:mx,v‘vﬁaa. gt "8:'1.k".2.3 " (5.10)
8,0 . s - . e i O U AR
_ © . . e " "uay T
Aéal taking ' time ‘au'r_agn- in oq&qll'on (5. 119) over one period of

time,’ the last term vanishes. then one obtains the following vector form;

&

.

(U R TR
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<« [ Parxm), cp¢ [ V(X%V),ds> (5.17)
8,0 s; :

Using cylindrical coordinates on'the rlght' hand side of equation

(5.17), one has the far-field expression for sf8ady vertical moment:

=~ .

(Md)z'-p(éf V,Vg* dedz> (5.18)
# :

Using the expressions of equation (3.9) (3.10) (4.6) and the

F

asymptotic expansion of the. Green‘'s function (4.7). the far field

.expression for the first order potential is:

. g &, cosh k(zth) (a u;.p*ky ain - ut)
®~"Tw  cosh kh ¢ : .

1o T 00sh k(z+m)-/T7F.¢! T T

K

(5.719)

.

where T(e) and T(e) are real functions of 6, and .T(e}-e'"® is given by:

"
. itey . 2r (v - &%) -ism/a’

T(?) -0 h=v2h vy Yo/ (nk) -8

. [ €QUD cosh k(¢ + My 1.7 (RECKHOTINENG), 4y _A5.20)

8 .-f“\\? _ s |
‘where Q({) Is the "tot'aimrco' Yonsity: « r
oI s ; e : ¥

. QU = (e Q) 1=1...6 | "(5.21)

-

It can be shown (20]) that the error associated .with the approximate
. a . 4 . -

far field potential in equation (5.19) |Is small when'r s larqq."-lt is of

order r 18

Vg

Substitute relations: v

'
.
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- 2% -jut
V,=Re [ e ]
: (5.22)

lﬁ -1wt o
Ve'n"{r 20 Y] 1

" and equation -(5.19) Into equations (5.10) and (5.18). If only

contributions up to second order terms of ¢ are retained. then equations

(5.10).(5,18) can be written In terms of the first order far fiéld potential:

LS .
th)-‘

_P_wé
fﬁ /K (—-sinh 2kh *'**‘*) 2T(B) -ooal-r(m *n‘l41 Cos .B
2 “sinh kh 4 &

2w =
Bk L kn z . 28)
-3 t4amn2qu+ RE {.1?(9) .c_oaaao e e, (5:29)

R . ’

(Fp,= + ' - -

2 ]
- 5 \

i —-“"—,,,::M v2nik ( 4 alnh 2xn +—-—) 2T(p) -cosiT(p) *n/4)-sin B

1 ‘ 'Y * . I ‘

-% (- 8inh 2K+ 57 - £ TZfeL-a?n ede ‘. (5.24)

o alnh2kh R ‘ . ) o
‘”a’; __'!._ + 3 .{-;%S:h—-fM-T'm) -ain (T(p) + m/4)

PUC. . . . .
~ “sinh kh 27K (B) - T(P) -cos [T(B) + /4]

ok 2w i -
-5 [ T .1 (o) de) o . « (5.28
. - o = | @

[ ' " § dT dT
whare T°(@. ( (P ) I8 interpreied as de ( do ) evaluated at e=g,

o

The working formulas (5.23)-(5.25) enable us to evaluate the

horizontal dritt forces and vertical moment. The detail of the derivation is
. ' -

rather coﬁnplioatod and |onglh'y. it can be found in (4], and hence s«

omitted hore. Only a brief outline is given as below:

Ll
w»

. ) . # Y ., . i . - . ‘. 3 _tG‘
Y. - In-equation (5.19), the first term on the right’hand side is the

potential due to .the Incident wave system (1. a. ¢,). the second term Is

- !
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the potential due to the presence of the body (l.e. ¢, + @ =1...8).

This equation can be written as ¢ ~ ¢, .-+ &,. Substitute this representation.

by using the relationship of equation (5.22%, Into equation (5.10) and

-

aquation (5.18). the result will Involve terms which are quadratic in @
and ¢, separately, plus terms involving products of ¢, and 0,.. The‘
contribution from ¢, alone must vanish since there can be no Ilorce or
moment associated with the undisturbed Incident wave system. Thus only

Il

the cross product terms and terms which are quadratic in ¢, need to be

" - considered. ] o :

+

2. The integrals in equation (5.10) and (5.18) Involving 'r can be

evaluatod hy the method of stationary phase. after taking the limit r-w,

‘one ntrlvea at the expression in which no r is lnvolvad

3. if one sot all 'n' I"'!.. 8 to be zoro. ’l 0. mulng Q{'!g =Q, |
aquatlon (5.21). then equations (5 23) (5. 26) ‘give tho drift forces and
moments of a fixed object. . '_" '

4.. The "Kochin's function® T(e)e' ‘®} ‘defined by equation . (5.20)
can be caiculated numerically by -the same surface discretization technique

without difficulty, since Q(® Is well behayed over S..

.

‘—h\

e s e
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4
Chapter 6

2 0

NUMERICAL PROGRAMMING ‘SCHEMES _

it
+d

A computer program has been set up to ‘calculate the motions,

horizontal drift forcep and vertical moment. In order 1o reduce computer
. » ; b i

cpu .-ﬂfiﬁ. thls program is éspoélally dsslgnad jbr'ooaa'n structures with ‘nl

least one plano (say x-z plane) of symmotry Generally. this rostrlctlon Is
- ‘—5"‘ \

aallsﬂed in moat ocean engineerlng applications. Numprical sphemos ‘used .

-
[

in this progmm are dlscunsed in the fol_lowlng_laecvtloq: - .

6.1 Body surface.panel

¢ L
It has been mentioned Iin .section 4.2 that: tha integ‘ral-aquallon

(4 14) may be soivsd numorlcally beglnning with tha partlt!unlng of the

body surface into N panels . Al far as 1!10 surfnco panel -is concernod It,_‘.

-

ahould bo emphasized that lho shapo of lha panel Is not Impomm i, The'

important thing’ iu that the ‘panel should ' havn the area AB,,. the conlrol

polnt and the normal vector of each panel as close to ,the raal body

o  surface as ponlbl! lt ia worth. quoting Hlu and Brnlthi[nl g ahould

- )

be kapt in iﬁd that lho alomanta are almply dwlces for ubtalnlng lhe

,si.tﬂm_ source dlslrltguﬂon and that lha pofyhedral-typo body.haa po direct

- v n i »

: lha Ilow nhout the palyhedrll-typa body. Even _ if nlho odgu’of u;ﬂlonnt"

niomonts are oolnnidbnt. the nomai veloony Ia zoro at only one polnt {

/h‘ control point ) of. oaoh olomont. oyar the remainder of the element

[ ]
" J

. g . . - 2
phyalcal significance. In the sense that the flow eventually caloulated is ‘not -

, o

»

T ——————acp A s o e mr———— ) O s
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[

there is- flow through'It &

a curved eurfec:e Ie approxlmated by plnne elements an -arror of 1hs order_ .

¥

-5~

‘Further more. Garrison iﬁl ﬁa; showr thai when'

of the surface curvature may be’ expected to result,

important .when one uses the surface Idl'scra_llzailon .mchnlque.

- that the body boundary?conditioria.-are guaranteed (o bé eaiieﬁad only at a

“certain control point in each panel.

to tﬂe curutire .of lha surfece. cemnh more accurate compuuthci uset;'

by most authore are lheorellcally and praclically not necesaary (see sacllon "

63}

. ln .this pragram. the lrlangular panel Ie uee‘d fer a elmply connecleg y

‘ ‘arnboth body surface

panele are generated syetematlcally fro.m thef glven shlp—oﬂeeb'. nnd ihe i

cenlrold - of ‘each panel-

(for example a ahlp)

¥

Also slnce lﬁere s "lnillal er’apr

L] .

; The’k trlengular shapeq:l

is taken as .the conirol‘ polnt.

-

Theae concepte are

5 . ?

&
" lh
.
-

'

using the irlangular ahaped panel s’ that lta nor al vectdr." centrold and

d

.;:

gt

- arqa can be detsrmlned t:mlquely by, three ad]eeent

fleeb polnts

6.2 Evaluation of the Green'l 1ﬁncileh- and its d r.lviﬁvi. .

‘1.

equallbrie (4. 2] and t4 8, geneuﬁly ap‘nklng the serles fomr has better |

convergeﬁca propertiee th’an that of the lnlegral 1orm.

»

J

Comparlng the Integrnl and Serlee form :& the Green s lunction.

it lnqllcelea '

" due

" The reason for

Cl:::e the modil'led A

Bessel's funellon K dec.aya much faeter than Jge. exc“ﬁ!‘when r/is small

where K !nd eleo A ane’ net well-behmd numaﬂoally

‘ f
L]

'a;-,{

L

»

[} ’ ' o

Tlle' numbqr of terms needed In’ equatlon (4.8)" depende on lhe rate

of dmy of Kyt 1)

- ‘ L

\and the ]

L

. |

'

‘-_ d.‘

wnen Hyrx Ie Ierge a

R

«;,tu,r') -f:r'/'teu"_,r'm L

S .
-

ponlthfe root of equatlon ;4.13). u,

- . S

W ome W

T

q

o

n( fn 'ém feege



-

!
.

‘4" 5 : ._"'so_ ' 1 \
(-1 nm < h <im

or : . o
& . . " ‘__

(=12 wr'/h <mr <imrth -

—~
" Usua )y one may terminate the sarlos‘arourgdvﬁ‘ r'=5. In the pra'som
work, we terminate tho series f“ u,r -10 since the derivative of G has
the. form of K,tu,r) whlch converges alowor.tl'!a_n' Kolpyr) .+ hence the
_number of terme needed In equation (4.8) is.determined by: -
Imex "2+ 10:0/Cm ") L ( (6.1) -
In tno program a rnaxlmum ot Jm,-'woo s allowed Tho lntegral
toring uaed whenever J,.. > 1000. The poaltlve roola of oquallon (4.13) *

are calculated by ualng"tho‘ Hali-Range method.

L] ' L

T . »
a.

2 Whenever: the Integral form of -G Is”uud. notlco that ‘the Integrul

T/quatlon a.n docays aa e’mlr ) when Ml Iarga herice. 1n the

program. this ‘Integration is. lermlnuted .at ‘«,-

Bnax = = 10 7 (240 T (6.2

The most troublesome thing in_the integral form is the evaluation of

the principal value of the Iintegral.- sinée the Integrand _becomes singular at

* ‘ .
u=k This principal value can be evaluated by the following scheme. Let
' ' Ll : h . . ) =

L

~un cosh (u (g*h)).co8h i (z+h) )

{4 .
Fln =2 tusde “==gink (ahy - voosh (uhy Jothfl, (6.9
il

thcn the thlrd term on the right—-hand alde of equntion (4.7) can be

wrlmn as:’

- nn s =
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v

2k ' | : roo
Pv_[Flu) du =PV _[ FCu) du+ PV ]' Fow dp

+k _ ’ ‘,-'
=PV [ Flu+i) du+ J‘=1=m du ; - (6.4)
-k 2k )

In equatlon (6.4), the 3Ingularity has been ahltd to the point p=0.

If the integruﬁd oi the first Intagrnl on the right-hand side of equation

ij'Fm)ﬁ;M j‘ Fo(R) du ¢ PV j' Fo(m) dmpv[ Flw dp.

thet the integyand [FCu + k) + FCIp+ k) should be finite at_u =0 have been

used. 8ince ithe\ weli-baehaved analytlaal Iorm ot (F{p+tk) +F(- p-'-k)l Ia.

raW oomplioaﬁ in the program. equatlion (G s approxlmalgd a8

- . J =

g

(6.’4) Is it!ec(:imposad into an even functl&n nd an- odd function of u. l.e. ‘

- . ¥

let ® : ' ' .

Flie k) =Fotm ¢ Folp) ¢ v | '/w-—‘.-*‘““a{’ |
whera « # ' ' ‘
' o ' X oy

Folp) =1/2 (F(p+ k) *F(~p+K)) | . % A
T, - . S : - . (8.8

Foli) = 1/2 (F(p+ k) =F(=pu+k)) '
then aquath; (6.4) baaomas ‘
- " . '&: b ’ ~

+k

. +k o - -.\( f *3/
-pv j’ 2F (w'an+ [ Few ap Lo
S . oA L
R T ' '
LFir +8) *FC=p k) M+ J FGodp . LA 6.7
) 2k J
- 2 - - . ' .®
in ardvlng at oquauon (6.7). the fact that PV [ Fotw du-D‘ 4nd
-k g

i it e S S 4w w

1
44
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o : k
PV [ Fw A= 0. 0Vk ([FCu ¢ k) *FL=p+ K]y ug oqy * [ Ftuep +

0 .. . 0.01k

s X [ ]

F(-u*K) ldu+ ‘."T F(u) du ' . ) (6.8)

2k

The numerical integration in equation (6.8) is carried out in a way

similar to that of the Simpson’s integration method. but the Gaussian’s 16~

point formula was used In a_ach subinterval. Numerical experiment shows
. . ' o

that this technique converges much faster.than. Simpson’s method. .

-

‘The summation in the series form of Green's function Is carried out

..in reverse order. so that posslble' truncation error can bo:mlnimlzod.
Some values of the Green's function were checked by the series form  and
™ . . y

the Integral form slmu'ltnnoouuly. . They agree up tb at least three digits.

~ As was mentioned .above the series form of Green’s function Is used
when J,, <1000, otherwise the integral form is used.” This “two-path®

/:crnarion for choosing the Green's . function does‘ not work well. in the

following cases:

A _’:Whon Jppax € 1000, but k=0, 'Y,‘tkr') In equation (4.8) might
qumorlcully -ovofflow. hence. in the program. the integral form ﬁf Qreen’s
function Is again used whén' kr‘é-t). 01. " This path Iﬁ actually not
necessary In general practical appllcmlo;\a since the motion and drift
forces for extreme long waves are ftrivial. ] |

( I
B 8ince the Green's bfunotlon expression ‘for the Infinite water depth

case has not been iAgorperated in the program. In dﬁop 'wnlo__r case (i.e.

‘h-w. It might happen jthat _“m.’ 1000 always. In mla oau_.. a sultable

“ t

S

-
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choice of h, to approximate the Infinite water depth case. Is necessary. In

order to make the program work more efficlently. ]

6.3 Evalu.atlon of %pq and ﬂm

Most cpu time is taken up In the evaluation of the matrices Opq -8Nd
Bpq defined in equation tf.w) and (4,.18), For p#q. %pq and By,
* . represent the influence at tholp"' control point (centroid of the pi panel)
by the "source distribution on the qm panel. We assume the distributed
source 0;1 the q"' punal -Ia :':oncantrated at iha qth control polnl {centroid

of tho q panel) . In this case GN and BN aan ha approxlmated as:
“N ?Gtx t).n(x ) 88,,  when pfq (6.9)

p".etxp.'tq) ASQI.. _when p#‘q . (6.0

For p=q. l.e. the lnﬂuonoo at the p contral point by the source

distribution on its own pannl. tha approximalc method mentioned above can

~ not be uud Therefore.. the ’ar;alyllcal expression for %pq and Bm
according to equation (4. 18) and (4.18) Is needed. If the panol size is
smail; tholprodomlnnnt’ contribution to a,, and 8., when p~q. comes (rom
- the °“source p-ar't‘. 1/R. of the Green’s function. hlem:e. t'lq_unlionu (4.0

and (4.18) can begapproximated as : T
\ i e 3 .

: 8 L )
- I A, Dd. pre . TN (8.1
gy . _ . .
q
_1. - ’
Pog ™ _|' ﬁ-tip.'b das. peq ) b . (8.12)
a8 , . .

+ The analytical expression for ‘equation (6.11) can be obtalned as the
limiting case when the. field point, X. nppro'aohu ’-'.P‘ along the normal

direction of the p@l at ¥,. then equation (86.11) becomes .

S '
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%q ™27 when p=g . ) 6.19) *

« L 4
» - f‘ 3
It is worth noticing that the/expression for %g in equation (6.13) Is

+ independent of the shape of the panel. On the other hand. 'the 'anaiytlcal
form for ﬂm. (p"q) is more lengthy. since it .ﬂépenda on the panel

- shape. Ndyoﬂhe’iass. if one replaces the panel by a circular disk. (we

-

\, call It the “equivalent disk") with te same area. then one has: '

ﬂm'{!frrm‘Q' when 'p=q

T ey

Summarizing, In the p . Gy and By, are evalt_la_tad by:
oy ™ -2wa'm+ (1 =8, VG(X, T) - AX,) - 288, no sum q (6.15)
Bpg = 2Vm-88, 8., + (1 -8,0) G(i'p.'tq) - 88,. no sa‘rm. q ‘ (6.16)

It should be emphasized that most authors. e.g. [41 [5) 12]. have

used some other “more accurate” formula 1o evaluate Byq When p=gq.

wjher than using equation (8.14). It does not appear to be necessary.’

precise resuil since theoretically, one may use panels of arbitrary shape
. ' - 1’

as long ‘as the distance from the boundary of. the panel to .its control point

_is small.; One thing for sure -is that using those shape de;nndont formulas

takes more computing time.
puting E ™

This “equivalent disk" techniqub is not new and we actually have used

. (6.14)

. ] Using these "more accurate® formulas does not necessarily lead to a more

It unconno‘louslyl." Since when, computing %pq and nN‘ for 'p:lq.' one .

assumes that the source distribution:in the q panel is concentrated at the
o' control point. this is equivaleht to saying that one shrank the' o™ panel

lﬁto a “very small disk® while keeping the total 'n'oumo atrungih (Qanq)
. ’ L
unchanged. '
i (..‘.i .
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Garrison [30] has pointed out that the value of n‘;q when (p=q)
changed algnlflca?ly with the ,dhanga of aspect ratio of a rectangular

panel. It Is therefore expected that the values of

) _ﬁm tm‘P a triangular panel

and an ‘equivalent disk® might héveJ *large difference”. but this ‘large

diterence® does not mean that it‘will Induce a “lafge error" in the whole

computation. slnca_‘lt doesn’t make sénse fto compare two approximation
schemes ‘“locally” while not knowing the “exact vaiue”. Coniputod examples

as wlll‘ be seen in chapter 7 indicate that this technique woflts quite well.
\\‘ '_ J Q‘

*

+8.4 Properties of due to thrs'ymma‘try of the body geometry

%pq

As was mentloned earlier, this program requires the body gaometry
to be symmetric with respect to the x-z plane. |If the total number of the
panels of ihe body Is N. eguatlon (4.. 15) _Indicates that one has to
compute’ a NN corr:plex matrix lnvo;'slon. Taking advantage of the

symmetric body geometry one only needs to Invert two ( N/2*N/2) complex

matrices, The scheme !...I!Od in the program is illustrated in the folluw:'iﬂg '

axample.
Nt . . '
Let Q' denote any 'QI (}=1-7), b denote the corresponding boundary

Ivaluo of the right-hand side o equation (4.15). then equation (4.15) can

F A
§ #

be rewritten as

.Q, * ‘ . ' ' !
u‘?’o"ib"' ‘. “ . - (6.17) |
: S . - _— )
5 For the sake of convenience. let us -take the total parl/el/ht:mber

=X

o

'N=4, and let the panel indices 1 and 2 be on one side, the Indices 3

Iand 4 on t'hp opposite symmetric side,. as shown In figure (2), then

equation (6.17) becomes

-

*
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%y %12 Ty T4) [ b,
| .?E'f?, %) (| by
U31 %y2) O3n a4 | (O bs ‘ (6.18)
Cy1 Cgp' gy Ggq’ "Qqt b, ' ¥
o
after partitioning, equation (6.18) can be written. as: -
l Ty Typ 0.] |‘51] - - . (8.1
By ol (B | -
where . -
"Eﬂ -[a;: :;z] Uy - [q“ :;ﬂ otc.. . | | )
2 | nr‘[a‘]' Q-‘E?] R | ‘ ' (8. 20
b (5' g Y [ [ : r "

Due to the symmetry ql the body. it can be shdWn that

'L

Furthermore, if the boundary values - are also symmetric ‘with respect

‘/’-' to x-z plane. I.e. B, =B,. then it oan be shown that Q, =Q,. Similarly, it

the boundary values are anlilymmetrlc with respegt to x-z plane, .9,
--52 -one will have g, =-0,. Thoroforo. summarizing. -equation

(6.19) can be rewritien in two special cases:.

IF "15,-5‘ then 9-9 |

o’ Gy tE @By | (6.22)

IF '51"-5! then Q,=-4Q .
" and Gy, - u,,l @) = tE,l _ : ) (6. 29)
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In equation (4.15). since the boundary values n; al"a‘ symmetric when

j=1.3.5 and are antisymmetric when j=2.4.6 . If one splits the boundary

a -
value of |=7. l.e. - 2% into symmaetric and antisymmetric parts. then.’

an '’

. using the scheme Iillustrated above. Q (j=1..,7) can be obtained by-
} - P

solving two N/2%XN/2 complex matrix .inversions and "elght matrix productI'

-~ .
operations.

4

- Using a simllar scheme. the amount of computation can be further

reduced .if the body geometry has two planes of symmetry. say x-z plane

and y-z plar;e. --But advanmgq" has not. been taken of\this“In the present

work, / .

+

6.5 Properties of elements of %pq and B,

-.Genorally speaking, elemi:ma in ag, Iand Boq ‘havo" nel:hér symmetric
nor antisymmetric properties, -yet some 'pl_'opartles of th'a QGreen’'s function
are rather well-_bohavod.' by whio;h' the ;:oﬂ{putaflon time of"mm and B8,
can be reduced by almost one half., Using the typléal four-panel
partitioning as an example, flgure\_(ai. Ilhouo propertlns-‘aré- o.l:tllned_ in the

following:

1 G(p.@) =G(q.p) p.q=1-4

- W

G ) 2G
2 P "-5(q.p)  p.q=1-4

[ [c] 8G . :
w_(p.q) -;y—(q.p) p.q=1-4

-

a*

[ USRI . PO L4C) 26

3 nlid) »5(3.2) gr(1.3) m5ae(s, 1‘) , i
$a °Q | °G ... 3G
-F(Q.S_l '17.-(4.'!) . .W(?"‘) f';;;'“.Q) :

‘ - 2@ 8@ _
where G(p.q) -G(R‘,.t.\) L @ e (BT

- .

" PR
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The property 3 can be written as

¥ (pq)- ,Ll;q)h\

where p and p‘ (alsr.r q and q’) 4lenbte two corresponding symmetric panel
indices on either side of the x-z plane. @.g. If p=1 then p' =3, If g=2
then q' = 4. |

\

» L4 - o . ™

Properties 1 and 2 are due to 'the Green’s function Itself. Property 3

iIs due to the symmatry of the bady}( nls..pfopérty'haa' been uso«{n

™

obtaining equationa (6.22) and (6.23)

. .
6.6 Complex matrix inversion

v

. . - . .
H The complex.equation (4.15) can be written in the form

%q Qg = B : _

" Splitting the complex varlables,lnto_ real and Imaglnad parts. one

has:
. | (k *Jypq){RHS)-(c +1d;) w (6.24)
;where | _ _ ,' .
v ¥
an'(x‘ +IYN - Y ' |
' Q, = (Ry +1.8)) o | (8. 25)

b,-(o?*l dp-)

WIS ke . - L - )
e RpaPg~YpeSe"% . : 1
A - o ! 5 ' ‘6-20’

A.+x._8,=d ' %

: ' Y Pat%peSe "9
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- In the program. the solutions for Rq and Sq of equation (8,26) are ;
obtained by the rn'elh?d of Gaussian elimination. K { &
. »

. " :
6.7 Miscellanaous . : . - HC\;

A

1 In" the program the restoring coefficiénts Cy- defined in

equa!lon (3.2). are calculatad by the l‘ollowing relatlonahips

t

_A..,‘r",-Inzda - i

“

e .

| xds =~ _[ xn,ds -

Aen ' __ap_ '

B ftzt}s--_-;[_ xznzdc ' | ' ‘ (8.27) ~—

Aoy _ab _ . .

_f yzdts-f.l'y.anzds . .

By 8, ! : ‘. '

. ' PR . o ; :

V=3 I X, njda i=1-3 - . ;
8, ‘ : , -4 _ i

8
(3 . g
§
.the surface lnlegrals in equation (8 27 aro, approxlmaiod by . the same -

‘ panel summation schome as is used laovaluaﬂng Poq:

2 Consider the Green's funotion in equation (4.7), WhB;‘l the water

L] L]

depth his large. the Integrand + | .- o

-F,, oo:m i (c+hn\ooah[u (z*h:rl . e 9‘8{

- i .
i St

Wmﬂﬁmi ' . . . "‘,' 3 ]

" 3,

mlght numcrloally mﬂlow due to 1ho value ol 1holhyporbollo Iunctlon. “this .

term can be roplnccd by

A
b - \ . -
0.56R %01 5B (1 4 ERLCHRly

(w+v) - (!;.a- v) .pr(-ﬁph) e _J_;gazoa

i’ i
' . 5
* ] . . i
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_lThe expression (6.29) is well-behaved in water of any depth. In the
program. . all -expressions with similar propertles to (6.28) are treated in a &

similar way. in, order 10 minimize possible tiuricatlor] errors.
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'_(‘;haptor 7 . ,
N - -_a 2 ”
-RESULT8 OF COMPUTED EXAMPLES

L]

\ The motlons and drlft forces ' of two' typical. lloatlng bodlea. a

| ]

homlspl‘i‘oro and a reotangular box . were computed to check the validity °

and accuracy of the rlmn'lol'h::all process. comparlaons with publ!shed data

f
‘are made. / L ' R

7.1 Qeneral description - -

i
3

1. The pamculﬁrs‘; of the hemisbhara are given in Table (1), the
computed resuits aré'ghmn in figures (3)-(9). 128 ‘trlangular panels were

used in ihlu computatioh.

2I. The particulars of the roclarigular_'box are given In Table (2). J
Tha computed results are glven In figures  (10)-(22).. In this case, since
it Is rather clumsy to use triangulgr. ahapo panels, rectangular shaped
panels were usey. ?2 pansla were used Irl this compuuuon. except whan

“calculating the drift forco tnd ;moment at various headlng angles. where 84 .

panels were used., since the previous panel conflguration (72 panels)
. ; :

glves non-zero (though small) w&r;ui:hl drift ‘moment at 45 degrees

-

neading. This made the driit moment curve Took awkward, — 7

' 3 ’ '. . S .

3. Al the computed values are Indicated by small triangles .In

¢
L]

figures (8)-(22). The solid lina is the spline curve fitting results.
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\7.8 Gomﬁarlson with published data -

Appendix A, théy are- taken as a comparison base.

-
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. A . .‘ I
4, Accorging to conyention,  the phase angla/ of the body motions

and wave exciting forces presented herf. are - with respect to the free .

surface elevation, dué to the incident wave. at the origin \of the coordinate

system. For example, -the linearized free surt de éﬁleval[on at the
° \

origin, (denoted by (). due to the incident wave Is: \

“ LI R '
£t == g 0,0 ™ g | | 7.1
JI . s » »

ualﬁg the expression of equation (3. 10) in equation (7.1) wsg have

A\

¢

IXCEI AT Ee . ' (7.2)
, ‘ ,
L . .

] Fo‘m is the complex wave excltiriﬁ "I‘Qf‘c'é. lh n the phaae angle_’.

8. of .thla exclllng force wllh _respect to () s calcu fted by _ L3
s,,.-wze Arg(F)  (-m/2 “Arg(F} <_3/2n) F; \ ¢ )
" where Arg(F) is the. principal . argument of -F, 8 >0 r'f'n'oans the exciting
. ) y
force “leaqs® &, (V). B _ . \]l ~
"1 ,

|

Figures (3);(221 show .ths computed " results. Publial'ia_d data taken )

. from Garrison’s paper 5] (6], and Faltinsen’s paper [4] ate reproduced in

simplicity. wa use the same. non-dimensional units as thdse used 1In the-

-

raspéctlve ‘papers: and the results 'of‘comp'arlaon are put|in the following

ta'bulur form: |

or. the sake of

<
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1. Floating Hemishpere: .- -

Present
work

Contents of
Pigure S

=] A"
. Pig.(3)

Suxqamcedms
and nnqinq Coaff. .

Pig.(4)

- Beave Added mass
and Damping Coeff.

-

’ - , - o " II

- v I 2 -

Garrison's _, Result of % a :

. Data (5](6] oa-pap.-on_’ ;

. I!

Pig.(A-1) Good -

= . GE) * & . I
Pig.(A-2) Good . . - 2

1g.05).

mmmitmqﬁom
.mm

\Pig.(A-3) o

" n'ri.:g'.(ﬁ)

I&mm:l.t:l.ngﬁorco

L]

“ m-tn-'sg

rig.(7)

mmmmm e

!'19(8-4) :
Pig.(A-5)

Pig.(8)

| . P1g.(A-4)

Pig.(A-5) )

Pig.(9)°.

| Drift Porce = * .-

Pig.(A-6) ’

d.imuion (J.).. ‘
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. o e SRR b
L y . o .
: B " . . . i
Lx- © .
- & e % H
5 . R 0 [}
° B ' :
. . X 1
: : - e X . *
. - ¥ , b
v, re.ia - lﬁ
) f .
', ‘ L3 - m i
s o 4 iy
. : 3
r* R - [ . ,_
N .
e L)
] . = t an ' 2
L e
- 3
u . » . o 3
° . ' . ® . . " i
i 7 i
L / - . i E]
. i -,
a - " -
o " g ... -
. L g
2 . [ v, "

“, . ’ e 1
o= i 2 L2 .
LE - =t ' .Y o it
RU | N v T ) fé

E ] . 9 o
-, - ol i
O P i i o
' SRR St e " ad
LE - b
o . ' B n .
‘- I sl
n b 3 . - i J
PR - T .
. = «ds . s . i, ‘.
L - .. . !
. : !
X R [T v l
. = - o




v ot

-

. b . 5 *
4 ’ - 0
"‘ ,
. = 4% -
A
2. Floating Rectangular Box N
: }
ol
Present Contents of Paltinsen's -~ Result of
work - ' Pigure Data (4] ccma;ril_on
P1g.(10).  Surge Added mass . Pig.(A-7.8) Good
and Damping Coeff, Pig.(A-7.b) .
Fig.(11)  Heave Added mass Pig.(A-8.a)’ Good
anpd Damping Coeff. Pig.{n—e.h)_ .
Pig.(12) Pitch Added mass ;1g.(n-9.a) - Good
) and Damping Coeff, Pig.(A-9.b)
Pig.(13) _ Yaw Added mass Pig.(A-10.a) Good
_ : and Damping Coeff. " (Ko Damping Coef..data)
ﬂg.(lﬂ)‘ 'Surgo.-ouon and rig.(i—n.a) Good =
R phasel(0 Deg.)
* P19.(14-b) Surge motion and Pig.(A-11.b) Good"
) phase (45 Deq.)
Pig.(15-a) Heave ana “Pig.(A-12.a) Good
; phase (0 Deg.) C,o
" Pig.(15-b) Beave motion and Mot Available see
phase (45 Deg.) . Discussion(2)
( Fig.(16-a) Pitch motion and ,  Pig.(A-13.a) “see ‘
: # . phase (O Deg,) N Discussion (3)
™ Pig.(16-b) Pitch motion ana Pig.(A-13.a) son
. phase (45 Deg.) ' & Discussion (3)
' Pig.(17-a) Surge Exciting force Pig.(A-14.a) Gooa
. . and Fhase (O Deg.) . B
Pig.(17-d) Bl.mm';mt!.m force Pig.(A-14.D) Good \'5'}
and Phase (45 Deg.) '
Fig.(16-a) Heave Excitifig force Pig.(A-15.a) Good
3 and Phase (0 Deg.)
P19.(10-b) Heave Exciting foroe Not Available pee
’ _ and Phase (45 Deg.) ' o Discussion (2)
i’iq.(:l.ﬂ) Pitch mi?tinq force Pig.(A-16.a) Good
and Phase (0 Deg.) '
m;(IO-b) utm'm:.tmq foxoe Good

. ﬂﬁ.{h—lﬁ.b)

.
-
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Pig.(20-a) ' Drift force in Fig.(A-17.a)

. Good
x-component (0 Deg.) - "-
Pig.(20-b) TDrift force in ~  Pig.(A-17.b) Gopa
'{f—mnt: (45 Deyg.) " )
Pig.(21) DEift force in x-com. Not Available
: , at'various Beading - -

Prig.(22) vertical Drift Noment Not Available
= at various Beading

-

£

-

7.3 Discussion of computed results

Qenefally speaking. the computed resuits are In qood ‘agreement with

the published data. —

'I.‘ For the drift. force on the hemishpere. comp&rlng figure (9) and

figure (A-86) .which Is reproduced from Maruo's paper (21]. it.can be seen
that the trends )nd the locations of the peak value are iIn agreement
] : y

(notice that Majuo used a/A=ak/(2m) unit in the abscissa ). but the

magnitudes are quite different. This result Is nol prising since Maruo

has neglected the effect of the surge motion. an

of the hemisphere was taken into account when puyhg the drift force.

2. The heave exciting force (and heave motign) are exaclly the

wame for 0 and 45 degrees heading.

3. For the rectangular box. the pitch motion at 0 and 45 degrees

i
heading angles are shown in figures (16-a) and (16-b). When compared

' with the corresponding Faltinsen‘'s results which are given <n figures

(A-18.8) ' and’ (A-13.b). it can be seen that the resuits of the present

work are abput twice as large as Faitinsen's. Also the trgnds of the

phase angle are completely different. It Is rather dlﬁloull";q glve any

.-

& . .
.

& ‘"

the heave rnotlon‘

T ——
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confident explanation about this discrepanty. ) it Is concelvable that J'aoro

might be some rhlsplottlnga in Faltinsen's curve, since in the interval of

wave period from 10 to 14 seconds. the nondimensional pitch motion

amplifude varies rather “monotonically". the chang‘a'of phase angle in the

aamyﬂterval is unlllkely 1o be that large, which is about 180 degrees, In

a}ﬁnaen , result,

" 4, Figure (21) ‘shows that the steady drift force (x-component) on

the rectlangular box decreases. mo}notonlca‘lly . as the heading angle

increases. ' .

5. Figure (22) shows the steady vertical drift moment of the

rectangular box al various heading angles. It can be seen that this drift.

moment attains its extreme values at 22.5 and 67.5 degrees heading. and
vanlsﬁes at 0, 45 and 90 degrees. It Is Interesting to nolice that the 0
arllo 90 degrees are  stabie heading angles. ‘while 45 degrees Is an

unstable one. This means that the ﬂoaﬁng rectangular box has the

"

tendency to orientate its side to face ‘the direction of the wave -

Y

r tion.
propagation . . . ks

7.4 Irregular frequency

NThere is a discrete sot of Iroquonc‘loa. called Irriguln; frequenciles.

-

N
at which the matrix a,, becomes singular or’ numerioally il conditioned. '

.t * . - k1
This fact, as was first pointed out by John [15) (16), Is due to the
nontrivial or unbounded solutio* of the interior 61:15\‘»,\1 problem. The

source distribution method therefore breaks down when the frequencies of

the Incident wave coinolde with these Irregular frequinolos (i.e. the eigen

valugs of the Interior problem)., S8ince these irregular frequencles 'onnd
' . " " i
. 2 . —/'-"'—'-_"'_.- - }

Y B 4 ) ‘
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on the bddy shape. it is difficult to Ioca?a, them precisely. Fortunately, *

' there is always a non-zero lower bound of the set though It is unkown

generally. ‘
/. . i
.In ‘the present work. we avolded this problem by calculating in the-
. frequency range for which no (or seemingly no) lIrregular frequency exists. i .
‘
A\ o For ; floating .racta_ngular box ::IéngthéL'.bonm=B. draught=D) in
! lnflnifo'water depth, the Irregular frequenay- (m.)_ can be detemined
r - analytically {14} as ' | |
w, = 19y coth yDII"2 S N o ae,
where -
o’ ' : : ) ;
P Tgn? maa=rzaoa..., ' ¢7.5) o
o In the present computed example (L=90m. B=90m. D=40m) the t
- lowest Irregular fraquénc;lea predicted by equation (?.9 are: ‘ :
' | . ‘m\n 1 23 o E . !
1 0.7092 ° 0,8766 1,0403
2"' o.8 .9840 1.11,.07
y ' 3 '1.0403 1.1107 : 1.2048 U '
' = - N ' ;
The lower bound for w, Is seén to be 0, 7091 rad/sec, equivalent to
the perlod T=6.88 sec.., therefore., the Irregular frequency pfoblqm o;:n.bo -“. i
5’ cquumvented' if one chooses the lowest perlod In oompula'tlon to {; Jarger
thlan'a.se ne:ond. It I1s worth noting that around T-O. sec.. the éorﬁp_niled
f ) resuits (not presented hari) indeed gave s : ullar behavior. Whether
- [ )
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. the peculiar behavior was due to the Influence of this lowest Irregilar

= . #
frequency or. on the other hand. due to the effect of an Insufficient
number of panels (since the higher the- frequency. the more the panels

should be used In order to keep a consistent numerical error), before a

detalled numerical experiment is done. no definite conclusion can. be made

at present. s

For the hémishpora casse, .no analytical formula such as equation

(7.4) was-found. Sirice the heave added mass ‘and damping cosfficient,

o 4 »
stop ‘the computation there |
. ) % . '
Although equation (~7.4}} was derived for the rectangul;'r box in the

[t

infinite water depth case, it Is useful 10° take It as a general rough gulde

for non-rectangular bodies. A brief outline Is given below: )
‘/_,‘P‘-—-""“ ) P
,‘ ) ' b ' ; r ¥
. 1. For L/B=1.0, B/D=5.0. the lowest irregular frequency occurs
. _ _
‘%und AML=1.0, where A is the wave length. . '
. ' ) - . 3 .

. »

2. Increasing the value of length to beam . rallo (l.e. L/B)

‘Ignlﬂcanuy increases the vailue- of lho lowest lrregular frequency. '

- 8. Dscroanlng the draught (D) of 'the body for a ﬂxed mm tB)

aisogincreases the value of the lomt irregular. froquency

Figure (4), appears to suddenly change ?k-b'- 2.5, it seems better to

3

In_our ouamplo L/B= 'I 0. BID 2 25, the lowest lrrogular iroquanoy

0 u?a at AML=1,361,
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system.
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Chapter 8
CONCLUSION
r
A brief summary of tho‘present work is given below: , r
. 1. .A"brief outline of the mathematical technique for calculating the

.. ) 5 Y g Lt i
Harmonic motion .and the steady drift forces on a floating Ilﬂdy were
raﬁlpwaa. | | )
2. A -'computor _program . his_ been set ub ; 1o calculate these

motions. horizontal drift forces and vertical drift moment. - The results of

. the computation ‘are quite good when comparing with publléhod data, For

. the rectangular box (72- panels) case. the average cpu. time for one

frequency and one heading {angle Is about one minute In VAX 11/780

3. The ‘equivalent disk® concept suggested in the numerioal scheme

proved to work well. This scheme saves a certain gm?fmt of computation

' .

and simplifies Iho input data. . j

» i
.
4. A 'numerical sctheme is proposed in this work for evaluating the

*

principal value In the intog.ral of the Green’s function. Using this scheme
along with the Gaus.alan .Integration formula (16-point formula ' was !
Ol'l'lplayld in the present cu‘:m\p:mllatlcm;ll makes the calculation ;onvcrgi

much faster. .
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5. The computed resulis show that the shape of the panel Is not

important. Generally speaking a triangular panel is preferable. since It can

be uniquely détermined by.three adjacent body offsets. '

.8. The vertical drift - moment calculation .is ilseful in the

determination of the stable heading angle. it enables one to choose .a

"better® arientation of the fioating body with respect to the incident wave

direction.

7. This computer p'roglram can be used as a "basic bullding block"

to- othier advanced motion calculations: for example

A. Employing the iterative process suggested by Aral (1. by slightly

modifying the present program one can ‘calculata' the motions of a moored

floating body. .

* B. Employing the assumption suggested by Hsu {13). the ineudy drift

force 'compinqd in this program can be use to evaluate the slow osclliating

drift force In a random sea.

P P T
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Fig & Pitch added mass and damping coefficients for
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St % s 1
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CiveeerANU FREQ*FREQ/GRAV
Civvsu. HEAD - HEADING ANGLE ( INPUT)

Citv oo POTLIS POTENTIAL OF SYMMETRIC PART
CiiesedPOT246 POTENTIAL OF ANTI-SYMM. PART °

 Civev...Qi35  SOURCE DEMSITY OF SYN. PART
'C.......0246 SOURCE DENSITY OF ANTI-SYN. PART

C.......Ml ADDED MASS
Ci......DEMP DAMPING CO!?!'ICI!NI‘

(INPUT)




aaan

. . . _ \‘”‘ #
NS . .
oy CT L meee
S & - ' . .
C.vvoveBM | REAL MASS TENSOR T
"®ipeeenC T RESTORING ‘COEP, ' ‘ "

'C.ivesisPOR | EXCITING PORCE, (1-6 REAL, 7-12 IMAG)
_c.......m mzmmum(l-s REII., 7-12 IIGG) )
. CovraesDRIEX DRIPT PORGE (X-COMP) - . B

C.......DRIPY DRIPT PORCE (Y-COMP)

. ’ . - ,‘ 4
CEXRXRRER **tt***!*'*'***‘l"**'** EEXERXXERARARARNRRAAEN
‘ \ »

.CALL LINK1(NSP,PAN,UN, SU'R DG11R,DG11

€0V /DRMZ, DRIPT MOMENT (2-COMP) "

N / o e : > \ . "
CALL ASSIGN (1, 'PRNT1.DAT') ° (‘ : ‘
CALL ASSIGN (2, 'COM.DAT') o R S
HEAD=HEAD/180,0%3.14159 - _ - : e .

‘CALL CHART(NSP,PAN,UN,UNN, SUR,C,RM) . -
CALL PRNT1(NSP,PAN,UN,UNN, SUR,;C,RM) g &

DO 17 KI=1,6 L « @ " "
TT=10,42.0%(XI-1.0) ° .t S
WNUM=4,0*3,14159*3, 14159/(Gmwvrnu'r) e =) i

zn,nen: G.un, T,
1 GI12R, cuzr)

DO 17 JJ=1,19

HEAD=( JJ-1)*5,0 ' - : L | _E
mn-mn/.léo 0*3,14159 i B ’ ' ;

CALL mva(lm' PAN, UN, PHI7R, PHI7I , PHISR, PHIGI ) _ .
CALL GINVER(NSP,2*NSP,UN,UNN,PHI7R,PHI7I,PHIGR, PHISI, m,m,
1 DG11R,DG11I,DG12R,DG12I,Q135,Q0246)

CALL POTEN(NSP, 2*NSP,G11R,G11I,G12R,G12I,Q135,0246,DA,

1. _POT135,POT246 ) .

vk

thw—ﬂm—smmus porz«i »TPR, TPI, TTUN,
1 . AM,DEMP)

CALL EXFOR(NSP,2*NSP,PAN, UN, UNN, SUR, POT135 , POT246 +TTUN, POIR,
1 PO1I,POZR,PO2I,FOR) ‘

CALL AMPL{AM, DEMP, RM,C, FOR, AMP) i :

CALL QTOTAL{ NSP,2*NSP,Q135,0246 ,AMP,QDF1, QDF2 )

CALL DRIFT{ NSP, 2*NSP, PAN, SUR, QDP1,Q0F2, DRIFX, DRIFY, DRMZ )
WRITE (2)PAN, SUR,Q135,Q246, FOR, AMP, AN, DENP,C, RN,

‘A, GRAV, DEN, FREQ, DEPTH, WNUM, ANU, HEAD, DRIPX,DRI!"!,DM \

WRITE (2)PAN, SUR, FOR, AMP, AN, DENP, C, RM

o * GRAV, DEN, FREQ, m,m MU mn,mnrx,mn,

17

CONTINUE

. STOP ‘ ®

: .
END ’ ' ' ' —
- » “ : _-“-H_""--._

SUBROUTINE CHART(NSP,PAN, UN, UNN, SUR,C, RM}) |

c...m THE CHARACTERISTICS OF THE FLOATING RECTANGULAR Box
C.. .oumrr:pm,w,mm,m,c; ALSO; VOL, XB,AREA , AREANP IN /C3/

DIMENSION PAN(NSP,3),UN(NSP,3), NSP, 3 ), SUR(NSP), -

2 C(6,6),RM(6,6) e

DIMENSION VA(3),VB(3),VC(3),VD(3),¥E(3),VF(3) - Ty
COMMON /C2/ GRAV,DEN, FREQ, DEPTI, WU, ANU, HEAD A,
COMMON /C3/ VOL,XB,YB,ZB,AREA,AREANP,XG, YG, ZG Vi Ed Sy o
COMMON /CC/' RIA4,RISS,RIGE . o \_\‘

i y——



. -93 ="

. . mmzeua. PORO0S , nnr )
N=NSP/2
D0.10 J=1;N °
JI=J+N
. READ(S,*)I,X,Y,2Z,UN1, tm.- UN3,S
s PAN(J,1)=X .
. JPAN(JJ, 1 )=-X C e
PAN(J,2)=Y - _ R
PAN(JIJ, 2)=Y " | '
. *® - PAN(J,3)=Z ! y v
PAN(JJ,3 }=Z
UN(J,1)=0M1 | . -
U UM( 3T, 1 )m—UNL . ,
’ UN({ J, 2 =02 L R
. UN(JJ,2)=UN2 ' W
ON(JT,3)=~3 ) 5 . 5
UN( 3, 3 ym0N3 . i
SUR(JJ )=
. 10 CONTINUE® . .
- c...mm/cu

é DO 40 I=1,NSP
. VA(1)=PAN(IX,1)
VA{ 2 )=PAN( I,2)
. VA(3)=PAN(I,3)
g+ UNN(I,1)=VA(2)*ON(I,3)-VA(3)*UN(I,2)
UNN(I,2)=VA(3)*ON(I,1)-VA(1)*UN(T,3)
L OMN( I,3)=VA(1)*ON(I, z)-vuz)rtmr 1)
‘ VB(1)=UI,1)
_ © VB(2)=(I,2)
S L VB(3)=UN(I,3) ,
CALL VDOT(VA,VB, TEMP1) *
i VOL=VOL+TENMP1*SUR(X)
XB=XB+VA( 1 )*VA( 1 )*VB( 1 )*SUR(1)
_ Mma)wa)ws)*mm:)
AREA=AREA+SUR(I) * .
\M-VB(.S)*BUR(I)
AREANP=AREANP+TEMP
TEMP2=TEMP2+VA(1 )*TEMP °
TEMP3=TEMR3+VA(1 ) *VA( 1L )*TEMP |
TEMPA=TEMP 4+ VA( 2 ) *VA( 2 ) *TEMP
40 -  CONTINUE
DO 4% I=1,6
DO 45 J=1,6 '

vt m T Eleee o

SR UL VPR P T S,

b



ot i P’

) i . ©(1,3)=0.0 \:.i " e
i VO1=2.0%(VOL/3.0) . ; N '
$ . XBeXB/VOL - |\ “ S
© ZB=ZB/VOL: P Lo
Lo co . AREA=2.OAREA = | - . .
& | . . : mw-—a.o*ami:mw.l
- - TENP=DEN*GRAV 1 : 4
(3, 3)-m-u&ur A 4
_ C( 3,5 )=~TENP*2 . O*TENP2
. ©(5,3)=C(3,5) \ .
© C( 4, 4)~TEMP*( VOL*( ZB~2G )~2 . O*TEMP4 ) e
c(s, s:p-mm*(vor.*(zn—zc;)-z LO*TEMP3 ) : :
, L FM(1,1)=DEN*VOL N
RMN( 2, 2 )=DEN*VOL
‘ RM(3,3)=DEN*VOL . \
' mq,n-mwun-u«tmu
™% RM(S5,5 }=DEN*VOL*RISS*RISS,
R 6, 6 J=DEN*VOL*RI66 XRI66 \ '
R 1,5 )=DEN*VOL*ZG : \\ _ S e
RYS,1)=RY(1,8) -\ - Lo
T © RN2,4)=DEN*VOL*ZG © -\ . : L
£ R Tt “‘(4'2)‘“‘(%4) - A
t : RETURN , \E ;
| END . ‘ ‘ .,‘ . . . ..
-y SUBROUTINE PRNTL(NSP, PAN, UN, UNN, SUR, C, R) '
DIMENSION-PAN(NSP,3), m(m,a);mmwsp 3), SUR(NSP),
i C(6,6),R4(6,6) v -
"COMMON /C2/ GRAV,DEN, FREQ, DEPTH, wm ,ANU, HEAD
M/ca/mn.mnnmmmm,m .

; . unmu,*)mronmmmx ..
S WRITE(1,*)" *| .

WRITE(1,*)'VOL= ',VOL o\, &
WRITE(1,*)'AREA= ', AREA \ e
WRITE(1,*)'CENTROID XB,YB,ZB : ',XB,YB,Z8 g
. WRITE(1,*)'CENTER OF GRAVITY.XG m.m : .m,m,
un:ml,w)-amm-- » AREANP - :
WRITE /(1,*) 'PAN(1,K)* ‘
' e . Do-qor-'- I=1,NSP . '} N e
S r WRITE (1,100) I,(PAN(I,K)K=1,3) . "
) 40 CONTINUE -~ | ' ¢ #
T ' I m (1,*%) 'ON(X,K)* . ~ o \
L, , DO 50 I=1,NSP _ . A\
A WRITE (1,500) I,(UN(I,K).K=1,3) -~ "'\ .
o S . 50 ' CONTINUE L N Tl
- = s ) (1{'} lm(l'x)l g - d
o S 51 I=1,NSP.| : Vs
¢ R (1, soJ) I, (mtr.n.l;-L.n ey
|51 - CONTINUE _ .
;m (1,*) SUR(I)'
' 60 I=1,NSP
WRITE (1, eoop z,stm(n

4

N st e T S i e




& --: —-A].—-—-—-A—-———u—-—-—

' - 95 - i
o | ) _:II - "
‘60 " CONTINUE { 5 :
. 100 PORMAT(1X, '( *, 12, * )¢',3P13.6) I *
. 500 PORMAT(1X, '(*,12,°)1",3P13.6) L :
600 PORMAT(1X,'(*,12," ):",F13.6) | -
700 PORMAT( 1X,6E14.5) N ‘
WRITE( 1, *)'RESTORING COEPPIC l i
DO 21 I=1,6. s " . o
L. WRITPE(1,700) (C(I,J),J=1,6) ° \ P ‘ _
- 21  CONTINUE s . . '
WRITE(1,*)' ° - - 1
WRITE(1,*)'REAL MASS MATRIX® i
DO 22 I=1,6 l _
"WRITE(1,700) (RW(I,J),3=1,6) " . ;
22 CONTINUE : f - R ' . !
- " CALL .CLOSE (1) _ s - . : el D
FRD . . '
sumrrm :.nuu(u,pm.uu,sua,mlm,mlu m;.zu,nclzr, . s . .
« »F ' ¥ . G11R,G11I,G12R,G121)
‘c...msmmmmmmsorsmrmmx! ?
.o '.INPUI'!H,PMJH,SUR .
G...OUTPUT:DGL1R ncur.b:zlzn,:mzz G11R,G11I,G12R, G121
DIMENSION PAN(N,3),UN(N,3),SUR(N)
DIMENSION DG11R(N,N),DGL1I(N,N),DG12R(N,N),DG12I(N,N),
_— J: i . GLIR(N,N),G11I(N,N),G12R(N,N),G12I(N,N)
A
' DIMENSION G(2),DGX(2),DGY(2 ),DGZ1( 2 ),DGz2(2), vaca'i-.va(ay w:(a)
5 _ COMMDN /C2/ GRAV,DEN,FREQ, DEPTH, MNUM,ANU, HEAD .
- , COMMON /SER/ UK(1000 ), GAMMA( 1000 ), ALPHA
Lt _ ANU=MNUM*TANH( WNUM*DEZPTH ) - ‘\\
i FREQ=SQRT( GRAV*ANU ) , |
CALL ROOTUK(1000)
' ALPHA=6', 263185/ 4. O*DEPTH*EXP(~2. owmwm}rm*
1 ((1,0+EXP(~2 . OXWNUNM*DEPTH ) ) /MINUK ) **2,0)
DO 10 I=1,N , _ i .
VA(1)=PAN(I,1) : . .
VA(2)=PAN(I,Z) : . . . . . :
VA(3)=PAN(I,3) - '
DO 20 J=I,N _
VB(1)=PAN(J,1) - "
VB( 2 }=PAN(J,2)
VB( 3 }=PAN(J, 3)
i CALL VSUB(VA,VB,VC) - .
IF(I .EQ. J)GO TO 11 -_
R1=SQRT( VC( 1 ) *VC( 1 HVC(2)*VC(2) ) ‘ {
IP(RL .EQ. 0.0)GO'TO 11 , )
TEMP=2.0+10.O*DEPTH/( 3. 1416 *R1) . o T
-.- IP(TEMP .GT. 1000.)GO m 11 ' ¢ by 8 ' :
CALL GS2(VA, VB, G, DGX, DGY,DGZ1, nczz NTERM) ; _ -
GO TO 12 : ‘

11

UMAX=-10.0/( VA(3)4VB(3))




C 2.

.20

‘3

32.

30,

10

A

fng - 96 -

e

CALL GIZ(VA,VB,G,DG!F,DG!}W@,DGZ:.W)
CONTINUE v . :
GL11R(I,J)=G(1) ° R S t
Gl1I(I,J)=G(2)

DGLIR(I, J)-DGX(J.}'[!C{II 1 )+DGY(1)*UN(T, 2)4‘(06'31(1)*06'62(1)) . '

1. *UN(I,3).

DGL1I( I,J)=DGX( 2 )*UN( I, 1)+nc;r(z)-m(r zmncm-:z)-l-nczz(z))
1 - . *UN(I,3) . . .
IF (I .EQ. J)GO TO 20 - '
G11R(J,I)=G(1)

.+ G11I(J, I )=G(2) '
i DGJ.JR(J.I)-—DGJ«1)*UN(J,1)—nGr(1)*m(J,z)+(Dczx(1)-Dszzu))

1 - *UN(J,3)
m:ca,:)-nm:(z)*m(a,n-m(z)-mw zmmzuz)-nszzcz))

¢ A % *UN(T ) : o« M

CONTINUE : . §
DO 30 J"I;N' ‘ ) . . . e e, b
VB(1)=PAN(J,1) . L
VB(2)=PAN(J,2) '
VB(3)=PAN(J,3)

CALL VSUB(VA,VB, V) .
R1=SQRT(VC(1)*VC(1)+VC(2)*VC(2))

" TEMP=2,0+10.0*DEPTH/( 3.1416*R1 ) :
IP(TEMP .GT. 1000.) GO TO 31 ) 1

NTERMNTEMP = ©

CALL GS2(VA,VB,G,DGX, DGY, DGZ1, wzz.!rrml)

G0 0 32 , s
UMAX=—10.0/( VA( 3 }+VB( 3)) , . 8
CALL GI2(VA,VB,G,DGX,DGY, DGZ1,DGZ2, UMAX ) :
CONTINUE , '

G12R(I,J)=G(1)

G12I(I,J)G(2) -

DGL2R( I, J }=DGX( 1 )*UN( I,lHDGI(I}*W(I.Z)-&{DGZl{lﬂDGZZ(.l))
1 *UN(I,3) %

‘ o DGlzI(I U )=DGX( 2 )*UN( I, iHDGI(Z)*m(I 2)HDGZ1(2)+D%z2(2))

1 ©O*UN(I,3)

. IP(I \EQ. J)GO TO 30
" G12R(J,I)=G(1)

L4

G12I(J,I}=G(2)

DG12R(J, I )-—DG!().)*(.I((J",J.)-I-DG‘!’(:I.)*W(J, )+(ncz1(1)—nszz(1))' '

1, . *UN(J,3)

ncuzx{a I )=-DGX( 2 )*UN(J, 1 )+DGY( 2)*UN(J, 2 }#( DGZL( 2 }-DGZ2(2) )

. UN(T,3) -

cwrg:mm
.CONTINUE

. Ces ommnmncumnmzmm:mnmmasm

C...AND DG12 FOR DG246 MODE

DO 40 I-lp oA

DO 40 J=1,N

Tum1-m1ut(x J )+DGL2R( I,a)
TO@2=DG111(1,J)+DG121(I,J)
TEMP3=DGLIR( I,J )-DGL2R(I,J) . R .
TEMP4=DG11I(I,J)-DGL2X(X,J) ; ]
DGL1R( I,J )~TEMP1*SUR(J) ’ ’ ‘

[




) AKNX=TEMPA*AKL*XN . ML A
AKNY=~TEMPA*AK2 *YN S e A S e,
. I. ‘ . "t '
: . . T -

TEMPB~APHI *EXP( WNUN*V3 ) *( 1, 0~EXP(~-2. owm)) B g I.,.. ‘

: / . . H
/. sl 2 r--' ' -:"5- ! 2
Z a R ) - ’
: K -/
/ / +
. #}' ) ,
‘ ’ F{l‘ i "‘ ) > *
”.' S 2 r." &l 4
. DG11X( I,J )~TEMP2*SUR(J) : ' / & '
: DG12R( I,J )~TEMP3I*SUR(J) : o s T e L
" ¥ Dﬁlzl{ I;J)WQ'BUR(J) P . T 5 !
. 40 CONTINUE i A :
c...mmmnmmormmm '
DO SO I=1,N ° - Y
DGL1R( I, I )=DG11R(I, I )-6.28318 5 e T & . N
DG12R( I, I )}=DG12R(I,I)-6. 28318 ’ : )
50 CONTINUE ~
c...mmmmmzmucu mnclasmmclzmaszasmm *
DO 60 I=1,N _ )
DO 60 J=1,N. . e et
_ TEMP1=G11R( I, J)+G12R( I, a') y -
' | TEMP2=Gl1lI(I,J}MG12I(I,3) ~ A . v g s .,
© TEMP3=~G11R(X,J)-G12R(X,J) o R R A )
'mwmnr(: J)-G12I(I,J) - & : s . ™ w
" 'GLIR(I,J )=~TEMP1*SUR(J ) ’ o s A ~
G11I(I,J)=TEMP2*SUR(J) . "3 »a o R T
G12R( I, J )~TEMP3*SUR(J) ' , A e
G12I(I,J)=TEMPA*SUR(T) X * _ e N -J,—
60 . CONTINUE ' k : : ' . -
c...mmmoxmmarcmmx ’ I "
DO 70 I~1,N . o ' ‘ _
TEMP=2 , O*SQRT( SUR(I)*3. 11159) . ' ' - e .
GlIR(I,I)=Gl1R(I,I)+TENP Ce . . " o 4
G12R(I,I)=G12R(I,I)+TENP . S T S T .
70 ' CONTINUE - = :
? D =
SUBROUTINE mn(mpm,w.mm,mu PHISR, PHISI ) :
c. -mrs PROGRAM CALCULATE THE PHI7:1SYMMETRIC PART, ms;m——m PART N O '
DIMENSION PAN(N,3),UN(N,3) ¢ . = K ‘@ % ‘*‘- :
DIMENSION PHI7R(N),PHI7I(N), PHISR(N), pn:nx(n) - wi g
COMMON /C2/ GRAV,DEN, PREQ, DEPTH, WNUM,ANU,HEAD - T ,
. " . l : § 2 [ N ] " ’ ) L
- _ %mv;cm*(l.mt-z.ommmn)' -_ . . n‘ '
N © AK1=MNUM*COS(HEAD) _ P :
' m—mm*sm(mn) " ;W S : , wae
Q) _ DO 10 I=1,N ) ar ‘o U R e
YA % V1=PAN(I,1) ’ . 40 o e . B TR me
V2=PAN(I,2) . PE 9 v o, b A4 » Y ‘ g
5 " V3=PAN(I,3) RN I i -
. . mﬂl*m . .- r . , , ‘ . . _. . _'. ' . - ) -‘_'
XN=UN(I,1) . ' g2°.o " s * & T ) 'l- Gt g
c YH=UN(X,2) - - : v : . & . ) ’
ZW=UN(I,3) - 1 : grek ok
. -mmm*m(m;*u O+EXP(=2. ow-)) KRS : e

2 »




-

T wea et

*c..tmmm NN, O, UNN PHI, DG135, DG246 F % 0% M ¥

e

S+ ¢ DN(I,4)=PHITR(I) - : . Fg B

s . nre ,!
; ’ - -
v ' i T L =
’ I e S 2
. . ‘ » .
. - . L]
L. : " L R . ‘e - &
- . " . L
' : o e
{.a_'. N 7 -,
’ ) e .
s . ey . .
'.‘ ¥ % -

"CH'OO_S(W) .
" SK1=SIN(XK1) 2 ) T
g mvn(r)-—( m*m—m*mm+mmm) , wa % D
U PHITI(L)=(" mm—mm*m+mm*m') P L A,
" PHISR( T )=( ~AKNX*SY2*CX1-AKNY*CY2*SX1-AKNZ*SY2*SX1 ) . , uts M Cgnls
. -\ PHISI( I Jo( mw=m+mrgnm+m-m-m); Bag e o R, S
m . e . I . .. ) " R .:_‘ . - e :-." _I._- . T

H -i'

( - _ sumnnm cnwmu mr N, m PHI7R,PHI7X, PHIOR, PHIST ,DA,DN, M T A
Y 1 : DG135R, DG135X, DG246R, DG2461,0135,Q246 ) O S
c..mammmmwmmmmq,_ G ax g T
' C..\QUTPUT1Q135,Q246 - ° ‘ Y §
1 c-‘d
h Y ,
\r- Dnmmt UN(N,3), mmw,a),pnx?n(u) mu(m,mmu),mst(a),
“.1° ' 'DG13SR(N,N),DGL3ISI(N,N), ncmsn(n n) ncz«srm N, \
gt 4 B 'DA( NN, NN ), DN( NN, 4) _ . , -
[ J -_ Dnlmsm« Q135(NR.4) Q246(NN,4) - : .' LT S o

““{5‘ Ismmmnmm-zfu-ztm AL I 9

mmmormmmmwmmsmcpm .
\ . ° DO 10 I=1,N S S

\ ,DR(I,1)=ON(I,1) . . c wg ., * Aoy AL

DN(L2pONT,3) oL T T e L T
DN(I,3)=0NN(I,2). < , *e R % W0 e e U,

' - DM(I+N,1)=0.0 - «* af . P & .
DN(I4N,2)=0,0 . W " T, - .
. DN( I+N,3)=0.0 ¢ : , £ LW L
, DN( I+N, 4)=PHI7I(I) S R _ ag * B

" DO 10 3-1'" ) ' - & . "‘s | ___:.f_. ',
. DA(I,J)=DGL3SR(I,J) ~ - . S FT BT 4

© DA( I4N,J P+DG135I(I,J) ; o ey cr T T

I, 34N )=-DG135I(L,J). - WP s A e 2@
v + DA(IX ,Jm)-mlssa(': .y; : . R ER A s
ET B _ c FE Ty e at e '

7 C...SOLVING.Q 'BY INVERSION A*X=R, &1 (M), X(MN) STORED INR '~ ', - * tg
CALL INV(DN,DA,NN,4) ' \ : wJ v Kl BRN

_+ DO 20 I=1,NN r o : . o
, DO 20 Jw=l,4 _ - N\ _ Sk g &
.. QLIS(L;J =D X, ) L L Cn g SR

'20 " CONTINUE o C o S v L

C.. .SOLVING Q246 (mmc pmwr 'THE anﬁm AS ABOVE - ™

L%

« DO 30 I=1,N .
. DNCI,L)=UN(I,2) .  _ ° = 9 - . P
DN(I,2)=UNN(I,1) - aE . - P o |
DN(I,3)=UNN(Is3) ’ L _ I R Y
. DN(I,4)~PHIBR(1) g T @ . . g T s E e i g 's
DN( I4N,1)=0.0 . L . e : R e
DN(I+N;2)=0.0- ' c * s X o e "

. s .
i ot e bt ey = mnmt

e -'...-...}_m-.-.—.-__,,-.--v -
e Zop =" @ -




- ' N - i r '
g S e s e e = . e ws an . ey
!‘ ) r‘“ . \ A L
1 - - Ll d . o ,’ .
"-‘. e '
. . T p
) . - 99 - '
, DN( I+N,3)=0 J
L 3 DN( I+N, 4)= - -
o S DO 30 J=1,H » - )
Y I ' DMI,J)=DG246R(I, 7 . 2% S ¥ v
: "+ DA(IN,J)=~+DG246I(I,J) o
. DA( I, J+N)=—DG2461(1,J) B ; <
_' . DA(I#R,J4N)=DG246R(L,J) - . . - ?
s 30 CONTINUE ., : . x v
" _ mmww,m.m.n Q : ' : “oom
. DO 40 I=1,NN s L
SE ¢ - " DO 40 J=1,4 p .
e » Q246(I,J)=DN(I,J) L e L ' S : ’

INE m{u m7msn,cnsx.czqsa,czqsx,Qxas,ozqs DA, . g
. wad . mas.gcmqs) _ 3 .
: c...mmmmm’ . a A " U
. w C...INPUTIN,NN,G135,G246,Q1 5,9245 : ) '
. .C. . .ODTPUT 1 POT135, POT246
¢ "> C...DA’IS FOR TEMPERARY USE ' C
v L . DIMENSION G13SR(N,N), GL35I(N,N),G246R(N,KN), quox(n,n) Qnscm.q). )

1 Q246( NN, 4 ), DA( N, NN) .- “ o

P © g - DIMENSION POT135(NN,4),POT246(NN,4)
. . DO 10 I=1,N
. e DO 10 J=1,N g 4
o T © + DA(X,J)=GLl3SR(X,J)
. 1 DA{ I4N,J )= G135I(I,J) ’ "
DA(I,J4N)=-G135I(I,J) : o o S
: .mr-l-u.a-t-u)-clasa(:,a) . T _ ’
10 ° conNTINUE ' : . :
" CALL MPRD(DA,Q135, mns,m.m 8) S o
. DO 20 I=1,N . R
‘DO 20-J=1,N : 8 R oe®
'DA(X,J)=G246R(I,J) ‘ i ¥ .
DA( I+N,J )= G246I(I,J) . A
s g® B 8 ‘DA(I,04N)=-G246I(I,J) = =y, ' .
T . DR(I+N,J+N)=G246R(I,J) N L te
¥ Cl 20 CONTINUE " . ) : ,
. T ° CALL MPRD(DA,Q246,POT246,NN, NN, 4) : L
N m [ ) . : ‘.'Ii ; " i .
END « ) o R
3 3 . summ AMASS( N, NN, UN, UNN, SUR, POT135, mu.m.mz,m.
. .. AM,DENP)
. c.\.mﬁummmmmm coxFrICIENT
» s * C.. -MIN,M.W.W.M;MJS! m“ ) i . et
Y | "C. . JOUTPUT AN, DENP : C p .= i
iy C. ., T¥R, TPI,TTAN I8 FOR 'TEMPERARY USE ‘ B . -
- . . DIMENSION W(ll.3),llll(ll,3),Ml),Mlaﬁ(H.i);mﬁ(M,‘l), )

SN 1 -, TER(N,6),TPI(N,6),TTON(N,6),AN6,6 ), DENR(6, 6)
g . CONMON. /C2/ GRAV,DEN, FREQ, DEPTI, WA, ANU, HEAD
. Y
} N . '

T

.M.

e
A S

e




B b L

e g

1

DO 5 I=1,N .
PR DO ‘5 K=1,3 s X
' m(’:,x)-m(r,x) / -
_ TTUN( I, K+3)=0UNR(I,K)
DO 10 J=1,N .
JI=JHN - .
DO 10 K=1,3 - ‘
* TPR(J,2*K-1)=POT135(J,K) .
. TPR(J,2*K) , =POT246(J,K) -
TPI{J,2*K~-1)=POT135(JJ,K) N - D
, TPI(J,2"K) =POT246(JJ,K) ) ) :
10 CONTINUE .
- DO 20 J=1,5,2 O T
JI=J41 . _ a
DO 20 X=1,5,2. ' o .
KKeX+1 ‘ : ' :

e S1R=0.0

S1I=0.0
" ' S2R=0.0 . ‘
*  82I=0,0. : .
C . DD 25. I"l.p .
_ SIR=SLR¥TPR(I,J)*TTR(I, x)-sun(n '
S1I=SLI+TPI(X,J)*TTUN(I,K)*SUR(X) :
S2R=S2R+TFR( I,JJ )*TTUN( I, KK )*SUR(I )
. . S2I=S2I+TPI(I,JJ)*TTUN(I,KK)*SUR(L) = ,
25 CONTINUE _ : : :
' AM(J,K)  =2,0*DEN*SIR - S .
AM(JJ,KK) =—2,0"DEN*S2R -
| DEMP(J,K) =-2,0*DEN*PREQ*S1I
. - DEMP(JJ,KK)=-2 ,0*DEN*FREQ*S2I
20 CONTINUE
RETURN
END

SUBROUTINE EXFOR(M, NN, PAN, UN, UNN, SUR, POT135,POT246 , TTUN, PO1R, POLI,
= x PO2R, PO2I,POR)
C...COMPUTE THE EXCITING PORCE
C...INPUT:N, UN, UNN, SUR, POT135, POT246

C...OUTPUT: FOR !
C.. .m,PO].R,POJ.I PO2R,PO2I IS FOR USE

"DIMENSION PAN(N,3),UN(N,3),UNN(N,3), sun(u),mns(m.n,mmm.n.
"1 ' TTUN(N,6 ), POLR(N), POLI(N), POZR(N), mn),roa(n) :
COMMON /C2/ GRAV,DEN, FREQ, DEPTH, WNUM, ANU, !
DO 5 I=1,N '
DO 5 K=1,3 :
TTON( L, K)~U0N(I,K)
, TTUN( I, K+3 )}=UNN(I,K)
5 CONTINUE -
\ DO 10 I=1,5,2 _ '
II=I+1 - ‘ ; R )
5 m.o a




P s e, L

20

10

30 -

v *
o — e cas———— s . e 3

- 101 -,

iy

871I=0.0 : : \ T
S8R=0.0 _ . \ : . e

' S98I=0.0 ' v \

‘DO 20 J=1,N . . 5 g oF ' - %

- II=T4N \
STR=STR+POT135(J,4) *m(a.r)*s:m(.r) - \ -
S7I=S7I+POT135(JJ,4)*TTN(J, I )*SUR(J ) L
S8R=SOR+POT246(J,4) *TTUN(J, LY )*SUR(J) '
S8I=S8I+POT246(JJ, 4 )*TTUN(J, IL )*SUR(J)

TENP=2 . O*FREQ*DEN : _
POR(I) =~TEMP*S7R . - ¥ 3 ,
FOR( LI )~TEMP*S8R ’ :
FOR(I+6) =~TEMP*S71

FOR( II+6 )~TEMP*SSI™

" CONTINUE b N

m-cnvx(ramtu O+EXP( -2, omm))) : - — A
AK1=¥NUM*COS( HEAD ) . '

. AK2=WNUM*SIN( HEAD )

DO 30 J=1,N ) o B h
X=PAN(J,1) : N = %

‘YmPAN(J, 2 ) §

Z=PAN(J, 3 ) .
m;-nmvm(mmrz)-u OHEXP( ~2 . OWNUM*( mm)))tma) : ‘
TEMP2=AK1 *X+AK2*Y

TEMP3=AK1 *X~-AK2*Y. "

PO1R(J }=TENP1*COS( TEMP2 ) .

POLI(J }~TEMP1*SIN( TEMP2 ) 5 .

PO2R( J )=TEMP1*COS( TEMP3 )

PO2I(J )~TENPL1*SIN( TEMP3 )
a ‘ I m‘l “ I! ' -

DO 40 I=1,6 , . o ; R
II=I46 : - :

SR=0,0 ~

SI=0,0 , ;
T8=1.0 ‘ _ ‘ : : ~
IF( (1/2)*2 .BEQ. I) TB=-1.0 '
Mmma)mca,:mmzma)mw 1)

SI=SI+POLI(J )*TTUN(J, I }TB*PO2I(J)*ITUN(J,I)

CONTINUE :

FOR( I }=FOR{ I }+FREQ*DEN*SR

POR( IT )=PFOR( IT )+ FREQ*DEN*ST _

TEMP=FOR( X ) L - .

FOR( I }=+POR(II) ] :
FOR( 11 )=—TENP ; 3 ' ;

¥

SUBROUTINE AMPI{ AN, DEMP,RM,C,FOR,ANP )

" C...COMPUTE THE -RESPONSE AMPLITUDE

¢ TN
H

C. . .INPUT1AN, DENP, RN, C, FOR . L

C. , .OUTRPUT | ANP

o
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.DC AND -DF IS FOR TEMPERARY USE

10

20

A

DIMENSION AM(6,6),DEMP(6,6),RM(6, 6),C(6 6),!01!(12)..!}!?(12),
1 DC(12,12),Dr(12)
COMMON /C2/ GRAV,DEN,PREQ, DEPTH, WNUM, ANU, HEAD

DO 10 I=1,6

II=I+6

DI I )=FOR(I)

DP( 1T )=FOR( IX)

DO 10 J=1,6"

JI=I+6 _

TEMP1=-FREQ*FREQ*(A( I,J }+RI( T, J) HC(T,J)

mz-—rm*mm{x 3)

DC(I,J)= TEMPL

DC( 11,37 )=TENPL

DC( 11,J )=+TEMP2

DC( I, J3 )=—TEMP2 ‘ e
_ "

CALL INV(DF,DC,12; 1) '

DO 20 I=1,12

AMP(I)=DF(I)

CONTINUE

RETURN

oy
““\.

suamumm GI2(VX,VXX,G,DGX, DGY, DGZ1, DGZ2, UMAX)
EXTERNAL PG1,PGE, PGX1, PGXE, PGZ11, PGZ1E, PG221, FGZ2E
DIMENSION VX(3),VXX(3),G(2),DGX(2),DGY(2), wzuz) DGZ2(2)
COMMON ' /C2/ GRAV,DEN, FREQ, DEPTH, WUM, ANU, HEAD

COMMON /SER/ UK( 1000 ), GAMMA( 1000 ), ALPHA

COMMON /Gl/ ZH,ZZH,RL

. Ces MSWWM‘M'SWMMMM

! PT2(X)=X*( EXP( ~X*( 2ZB-ZH+2. ormn-m(-x*( ZH-7Z8V2 . omn) .

r1 IS8 THE INTEGRAND; PE IS THE SYMMETRIC PART OF THE INTEGRAND .
i m{i)-xw(mu*( ZH4ZZH-2 . O*DEPTH ) )~EXP( =X*( ZB+ZZH2., O*DEPTH) ))

. TEMP1=VX(1 )-VXX(1)
TEMRP2=VX( 2 )-VXX(2)
TEMP3-VX( 3 )~VXX(3)

. RI=SQRT( TEMP1 *TEMP1+TEMP2 *TENP2 )
IF (R1 LE. 1oz-s)m-oo
TEMP 4=R1 *WNON

ZH=VX( 3 +DEPTH

| ZZA=VXX( 3 HDEPTH

R=SQRT( R *R1+TENP3*TENP3 ) i . ‘
IP(RJZ.J.OE—Q)R—OO - . &
W(RI*RIHWM)*(W)) : :
BJO=BJ( TENP4,0 )

BJ1=BJ(TEMP4,1) . ‘ o '
EZREXP( -2 . O*MVUM*ZH ) , -
EZZB~EXP(—2 .0*WNUN*ZZH )

G(1)=1,0/R2H _

IF(R ,NE, 0.0)G(1)~G(1)+1.0/R ‘

G( 2 J=ALPHA( 1. 0+EZH ) *( L . O+EZZH ) ¥BIOEXP( NNUM*( VX( 3 )-mac(s)))
Dm:u)-—l.omu**a 0 :

(38

"
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IF(R .NE, O. gpm:(n-nmc(x)—z o/n-rra o .

\IF(R1 ,EQ. 0.0) GO TO 1 / _

- DGX( 2 y=—ALPHA*( 1,0+EZH)*( 1, m;m(m(vx(apwoc(a})) ‘agy
1 *BI( TEMP4, 1 ) *WNUM/R1 ' ’

GO TO 2

DGX( 2 )=-ALPHA*( 1.0+EZH)*(1. mzzzmrmmmwcvx(s)wmsn)
1. %0, 5 THRUMTWNUM

DGZ1( 1 }=( ZZH+ZH ) /R2H**3,0

DGZ1( 2 )=ALPHA*FZ1{ WNUM ) *BJO g - .
DGZ2(1)=0.0 ’ )
IPF(R .NE. O. o)nszz(n-mz(:u-(m-myn"ao .
DGZ2( 2 }=ALPHA*PZ2( WNJM ) *BIO

UINT=0,01"WNUM !

CALL DG16( UINT,WNUM, FGE, SMG1 )

CALL DG16{2.0*WNUM, UMAX,FG1,SMGZ) .

- G(1)=G(1)+SMGL+SMG2+UINT*FPGE( UINT )

. CALL DG16( UINT,WNUM,FGXE,SMG1) -
CALL DG16({ 2. 0*WNUN, UMAX, PGX, SMG2 ) '
ocac(n-nmc(zﬁsmuauwmmwmn\
CALL DG16( UINT,WNUM, FGZ1E, SMGL ) . _
CALL DGL16( 2 .0*WNUM, UMAX,FGZ11, SMG2 ) A .
DGZ1( 1)=DGZ1( 1 )+SMG1+SMG2+UINT*PGZ1E( UINT ) L e
CALL DG16( UINT, WNUM, PFGZ2E, SMG1 ) ’ L -
CALL DG16(2.O*WNUM, UMAX, FGZ21,5MG2 )

DGZ2( 1 )=DGZ2( 1 )+SMGL+SMG2+HUINT*F'GZ2E( VINT )
DGY( 1 )=DGX( 1 }*TEMP2 - . '

. DGY( 2 )=DGX( 2 ) *TEMP2

DGX( 1 )=DGX( 1 )*TEMP1

DGX( 2 }=DGX( 2 ) *TEMP1

RETURN

END

'PUNCTION PG1(X)

COMMON /C2/ GRAV,DEN,FREQ, DEPTH, NNUM, ANU, HEAD
COMMON /Gl/ ZH,ZZH,RL

B=1.0/({ X-ANU )/{ X+ANU }-EXP(-2. o*x*mn
PGL=B*EXP( X*( ZH+ZZH~2 . 0*DEPTH) ) *( 1. O+EXP(~2. o-'xtm)j*
1  (1.0+EXP(-2.0*X*ZZH))*BJ(X*R1,0)

RETURN

D

FUNCTION FGE(X) ' o g ¥
COMMON /C2/ GRAV,DEN mm DEPTH, WNUM, ANU, HEAD
COMMON /Gl/ ZH,ZZH,RlL .
m(xm»mu—xm)

RETURN

2o

FUNCTION FGX1(X)
COMMON /C2/ GRAV,DEN,PREQ, m.m.m,m .
COMMON /Gl/ ZH,ZZB,RlL .
B=-1.0/( ( X-ANU )/( X+ANU )~EXP( ~2 . O"X*DEPTH ) )

1 *EXP(X*( ZH+ZZB~2 . O*DEPTH ) ) *( 1. O+EXP(~2, 0*X*ZH ) )*
2 (1.04EXP(—2.0%X*ZZH)) '

Pt e e — . &

P
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v
IP (R1 .EQ. 0.0) GO TO 10 R
PGX1=B*BJ(X*R1, 1 )*X/R1 & ‘
. RETURN
10 °  PGXI=B*0,5%X*X . , ‘ : .

PUNCTION PGXE(X) . :
COMMON /C2/ .GRAV, DEN, PREQ, DEPTH, m,m,mn = @
COMMON ./G)/ 7H,Z7H,R1 ' ' :
PGXE=PGXL( X+MNUM )+FGXL( —X-+NUN )

RETURN ’ i ) . . Py

e

PUNCTION reZA(X) .
COMMON /C2/ GRAV,DEN, FREQ, m.m ANU, HEAD
. COMMON /Gl/ ZH,ZZH,Rl
B=1.0/( { X-ANU )/( X+ANU )-EXP(-2. o-‘x*nmn : )
' rcﬁu-nwx*(m(x*(mm—z +O*DEPTH) )-IXR(-X*( ZRIZTH2. o*mmn)
wna(xwm. 0)

ﬂlD

FUNCTION mzm(x)
\ COMMON /C2/ mv,mrmmmm,m
. COMMON /Gl/ ZH,ZZH,RL . . ..
t g mx(xm)d-mu(—xm) _ : _ : B o
RETURN : '
END .
FUNCTION rGz21(X) A

COMMON /C2/ GRAV,DEN, FREQ, DEPTH m,m,mn 2: s m,

COMMON /Gl/ ZH,ZZH,R1 ¥ L s |

B=1.0/( ( X~ANU )/( X+ANU )-EXP( -2 . O"X*DEPTH ) ) ‘ o s T
PGZ21=B*X*( EXP( ~X*( ZZH-ZH+2. o-mn—m&x-(m-zaﬂz O*DEPTH)))

1 *na(xm 03 P

RETURN

o

san earek e A - e S %

PFUNCTION PGZ2E(X) e .
COMKN /C2/ mv,m,rm.n:ﬁm mm,m ..
COMMON /Gl/ 7H,ZZH,R1l '
PGZ2E~FGZ2 1( X+WNUM 4 FGZ21( ~X+WNUM )
8o ‘
SUBROUTINE GS2( VX, VXX, G, DGX,DGY,DGZ1,DGZ2 , NTERN ) ;
DIMERSION VX(3),¥XX(3),G(2),DGX(2),DGY(2),DGZ1(2),DGZ2(2)
COMMON /C2/ GRAV,DEN, PREQ, DEPTH, WNUN, ANU, HEAD
COMMON /SER/ UK( 1000 ), GAMNA(1000 ), ALPHA

c. o mzsmmmmm'amrmumuumm
TENP1=VX( 1 )-VXX( 1)
TEMRZ=VX( 2 )-VXX(2) P
TEMRI=VX( 3 )-VXX( 3 )
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' -‘m-sm(mmmlmzmm
... ZB=VX(3 )+DEPTH
ZzZB=VIX( 3 )+DEDTH .0 '
" TEMPA="ALPHA*( 1, O+EXP(—2 ,O¥MNUM*ZH ) )*( 1. mm(-z o-mm*))
.1 *EXP(WNUM™( ZB4ZZH-2.0°DEPTH))- .

':"'Dm:( 2)= TEMP6*BJ(TENPS,1)

TZ1=ALPHA *WNUM*EXP( WNUMN*( ZHAZZH=2 . O*DEPTH) ) L

1 (1.0-EXP(—2.0™WNNUM=( ZH+ZZH) ) ) - g
- TZ2~-ALPHA*MNUM* ( EXP( WNUK*( ZB-ZZ8-2.0*DEPTH) )
1 -m(m*(zm-m—z.omn)

DGZ1(1)=TZ1*BY0
DGZ1( 2 )=—TZ1*BJO

- DGZ2(1)=TZ2*BY0 -~

DGZ2(2)=-TZ2*BJO -
SUMG~0.0 ' '
SUMGX=0.0

smszl-o o

SUMGZ2=0.0 )
n" (NTERM -.EQ. O) GO. m 11

" 'DO 10 I=1,NTERM

I

J=NTERM-T+1 " |

 TEMP7I=UK(JI)*RL .

BXO=EX( TEMP7,0)

- a1-mmay*oos(ux(a)rm)m(m.r)*ﬂ)
B2=GAMMA( J J*UK(  )*BKO _
SG=S1*BKO = - X

SGX=-51*UK( ') *BK( TEMP7,1) -
8GZ1=-82*0 . 5*SIN( UK(J ) *( ZH+ZZH ) )
SGZ2=-32*0 . 5*SIN( UK(J )*( ZH-ZZH) )
SUMG=SUNG+SG :

" SUMGX=SUMGX+3GX -

. G{1)=G(1)+3SUNG

"DGZ2( 1 )=DGZ2( 1 }+SUMGE2 .

SUBROUTINE ROOTUK(N)

o ———




12

oyt

100

200

;101
10
20 -

UR(ayeAz

. .BJ=0.0

‘De=1,0E—4
! IP(N)10,20,20
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W /c2/ GRAV.DH.PREQ m.m m.
COMMON /SER/ UK{ 1000 ), GAMMA( 1000 ) , ALPHA
P(X)=X*TAN(X*1. 57m95327)+m e PO
ERR=1,.0E~6 . . . B .
BETA=ANU*DEPTH/1.570796327

DO 20 J=1,N

DELTA=1.0E-2 ; ;
A2=2,0*J L : .
Al=2*J-1+DELTA : -
Y1=F(Al)
Y2=F(A2) e
IP(ABS(Y1).LE. m) G0, oy mo

" IP(ABS(Y¥2).LE.ERR) GO TO. 200
IF(Y1)13,100,12.

DELTA=DELTA/10.

- GOTO S

A3=(AL+A2 )*0,5

CY¥3=P(A3) -

IP(ABS(Y3).LE.ERR) GO TO 101
IP(Y3 ,UT. 0,0) Al=A3
IP(Y3 .GT. 0.0) A2#A3

- RA=ABS( (A2-Al1)/A3) : .

IF(RA .LE. ERR) GO TO.01
GO TO 13

UK(J)=A1 - . :

GO TO 10 .

oM 10 ‘- : 9
UK(J )=A3 L
mc(a}-ucw)u svovasazv/m

CONTINUE

* TENP1=ANU*ANU.
. 'mmz-mnm-m
“DO 50 J=1,N '

L]

TEMP 3=UK( J ) *UK(J )

GAMMA( T )=4. o*(maﬁmlmm=m+mz)

CONTINUE
RETURN

EIW.I'ICII..BJ(X,I)

IER=1

RETURN
BJ=1.0

IP(X)30, 30,31
IER=2 - -
. f . . -

TYPE *,'SOMETHING WRONG IN BESJ IER = ¢, IER
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TYPE *,'SOMETHING WRONG IN BESJ IER = *,IER

bt B sy S W e

" C...SET UPPER LINIT OF M.

“. 100 . DO 190 MeMZERO,MMAX,3. .’
+.C. /o SET P(M),F(M-1).

1 IF(X-15.)32, 32,34
32 NTEST=20,'+10, *X-X** 2/3
.. GO TO 36 : ‘
34 NTEST=90.+X/2. I
36 IP(K-NTEST)40, 38,38 .
38 IER=4 /
TYPE *, ' SONETHING WRONG mwm-‘- IER .
RETURN '
40 * IER=0 ,
N1=tt41

BPREV=,0

IC...MSMINWOPH

IF(X-5.)50,60, 60

50 ° MA=X46.

GO'TO 70 + : °

‘60 ., TMA=1, 4*X+60./X
70 MB=IFIX(X)/ 442

MZERO=MAXO(MA, MB )

MMAX=NTEST

_MO~1.0E-28

' !'I-0.0 . _. - = &
m—o o 5 ‘

IP(H—(N/Z )*2 )120;110 120

110 JT™=1:

@mue

120 Jr=1 e
130 M2=-2 ,
' DO 160 l:-1,nz
MK--K |
. BMK=2, rnmr(m)trm./x
M=
FIQ=BNK
IF(MK-N-1)150,140, 150

1400 BI=BMK |

150 = JT=-JT "
’ ' S=1+JT
160 m-ummw
BMK=2 . *FH1/X~-FH
IP(N)160,170,180
170 . BY=BNK
180 ALPHA=ALPHA+BNK
' BJI=RJ

IER=3

_'mw'mmmmmm-'
© 200  RETURN -

|

5 .

.

/ALPHA , \
-  IP(ABS(BJ~BPREV )-ABS(D*BJ ) )200, 200, 190
190 BRPREV=BJ '

N

IER

T e i,

= e
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DIMENSION 'r(:.z) \

BX=0,0 . \
n'(mm,u.n
10 _
: 'm*'mmcm BESK IER = °,IER . S
RETURN >
11 IP(X)12,12,20 l] L _
12 IER=2 \ . . S
mrmmmmrm-'.rm * '
RETURN
20. IP(X-170. o)zz,zz,zz.
21 IER=3 | _
cmz *, ' SOMETHING WRONG IN nmc m = *,IER
_ mmm ; ‘ :
22 IER=Q | .
IP(X~1.)36,96,25 | S :
25 - ASEXP(-X) ‘ |
T BeL/X \ o 1
.C=SQRT(B) ° . 2} o ;o . : ¥ o
T(1)=B N N Lo e i @
DO 26 L=2,12 " 5 . o
26 T( L }=T( Ir~1)*B g - .
' IF(N-1)27,29,27 1 ; i
<C...COMPUTE KO USING POLYNOMIAL APPROXIMATION g
27 . . GO=A*(1.25331414-.15666418*T(1)+0. oanmzvsvr(z)—o 091390954*T(3)
2+,13445962*T( 4 ). 22998503 *T( 5 )+, 37924097 *T( 6 )—. 52472773 *T(7)
34.55753684*T( 8 )- . 42626329%T( 9 )+.21845181*T( 10) -
4—;.066809‘!6?*#{11)4-0 009189383*7( 12))*C ,
_ _zw)zo .28,29 5 b ) . g
28. . “BX=GO . - !
RETURN ! -
C...COMPUTE K1 USING POLYNOMIAL APPROXIMATION
29 . . Gl=Ax(1. zsaauu)-?ﬂssz?nwr(n- ,14685830*T( 2 1+, 12304226*’!(3}
L 2-.17364316*T( 4 )¥.28476181*T(5 )—. 45943421 *T( 6 }+.620833807*T(7 )
3-,66322954*T( 8 }4.50502386 *T( 9 )~ . 25813038 *T( 10 }+.078800012*T( 11 )
4—.010324173:;@»: .. .
. . IP(N-1)20,30, ,
30 mm o I \_ [ B
C...FROM KO,K1 cmmm: KN um:m mum mmmcn
31 m 35 J=2,N s _
GJI=2 , *( FLOAT( J )-1. )tcn,/xm o .
_ . IP(GJ-1.0E38)33,33,32 - L
32 .  1ER=4
TYPE », 'mmmmmzm- ', IER
. GO TO 34 . , .o
33 GO=G1 _ & -
as Gl=GJ - : LV : o :
34 BRK=GJ - S S v
36 B=X/2, , i
: A=,57721866+ALOG(B) s .
bn'n ; - LK
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" IP(N-1)37,43,37

. C...COMPUTE KO USING SERIES mmzm

37 = GO=-A
X23=1. ‘ :
PACT=1, . .o s
BJ=0,0
. DO 40 J=1,6
T RJwl./PLOAT(J)

X2J=X2J*C . : .
PACT=FACT*RI*RJ - .
BI=BJ+RJ ' :
40 - cao-co-rnam*(m-a.)
. IP(N)43,42,43
42 BX=GO o
7 RETURN =
C...COMPUTE K1 USING m:zs EXPANSION .
43 - ..X23=B
. FACT=1.
BJI=1, :
Gl=1,/X+X2J*( . 5+n-m)
DO 50 J=2,8
X2J=X2J*C . . ‘ ;
RJ=1,/FLOAT(J) ' - N
FACT=FACT*RJ*RJ c .
BI=BJ4RT =
50 . GI=Gl+X2J*FACT*( . S-I-(A—BJ)WJ)}

’ ﬂ(ﬂ"l)al 52,31 .
52 BK=Gl _ 3 %/

RETURN © . :

 PUNCTION BY(X,N)

B o FOR ERRORS IN N AND X 4\
' "~ IF(N)180,10,10 _
10 IER=O ,

. IFP(X)190, 190,20
c...mum:rxmamonngmr.&

20 IF(X-4,)40,40,30 b um
C...COMPUTE Y1 AND YO FOR X GREATER THAN 4.0 :
30 T1=4.0/X

PO=( ({ (—.0000037043*T2+ . 0000173565 )*T2—, 0000487613 ) *T2
1 +.00017343)*T2-.001753062 )*T2+. 3989423 c
QO=(((( .0000032312*T2—, 0000142078)‘1'2-!- 00003424668 )*T2 '
1 ~.0000869791 )*T2+,0004564324 )*T2~, 01246694
Pl1=(((( .0000042414*T2~ . 0000200920 ) *T2+ 0000580759 ) *T2
1 -,000223203 )*T2+.002921826 ) *T2+.3989423

. Q1=((((~.0000035534*T2+), 00001622 )*T2~,0000398708 )*T2
1 +.0001064741)*T2~.0006 350400 )*T2+.03740084

A=2.,0/ K)
, D=A'TL *
CwX~, 7853902

YO=A*PORSIN(C )+B#O*COS(C) . -
Y1=-A*P1*CO8(C H+B*QL*SIN(C) '




150 YA=YD :

i . - 110 -

. - o
. Gomso 4 - ’
mygzmmnmstsonmmqo

-

'_40 XX=X/2. =

X2=XX*XX
T=ALOG( XX )+ . 5772157
SUM=0.0 -

TERM=T
g RO
~5>D0 70 Im1,15
~=4IP( L1)50,60,50
50 A ¥M=SUMtL./PLOAT(L-1)

60 Fih

| TERM=(TERM*(-X2)/PL**2)*(1.-1./(FL*TS))
70 YO=YO+TERM ' "

TERXXN(T-.5) ) i . W

StM=0,0 -

Y1=TERM

DO 80 I~2,16

SUM=SUM+1. /rmm:.-n
PL=L -

FL1-FI-1 . e A

TS«T-SUM
= mmm'(-n)/(rm*mn*((m— S/PL)/(TS-I- 5/!'[.1)}
80 Y1=Y1+TERM

-

PI2=,6366198
YO=PI2*YO
Y1=-PI2/X+PI2*Y1
C...CHECK IF ONLY YO OR Y1 IS l-mm
90 I!'(N—.‘I. )100,100,130
C...RETURN EITHER YO OR Y1 nsnmumm
100 IF(N)110,120,110
110.. BY=Y1
T0.170
120 BY=YO
GO TO 170 %

c..fmmcumormnommrmm(x) !
130 YA=Y0

YB=Y1

K=1

140 -n-rmm-('zrx)/x

" YC=T*YB-YA
\ IF(ABS(YC)-1. 0!38)145.145 141
141 . IER=3 ‘
: TYPE *,'SOMETHING WRONG IN BESY IER.= ',IER
145 K=K+1 e
- IP(K-N)150,160,150 '

YB=YC
GO TO 140

‘ .'EI.EO BY~YC

170 - RETURN e 1
160 . IER=1 X ‘

S —




190

TYPE . *, 'S¢
RETORR

IER=2 ey
TYPE *, 'mrmmmmrm- ', IER

L

o+ ConXLTOXU
DOUBLE PRECISION n,m,t,n,n.c,m

c
L]
gt %
3 »
. g
L
’k:"l.
20
Y 10
. "'
100
s
»

SUMO=0.,0

DO 10 I=1,50
. DELTA=(XU-XL)/1 '

SUM=0.0

DO 20°J=1,T _
X1=XLeH( J-1) *DELTA
X2=X1+DELTA

o~

vl

A=, SEO*(X2+X1) '

B=DELTA

C=, mmmsngsnzqemwn
¥=.13576229705877047E~1*( FCT( A+C )mrr( a-C ) )
Cm=,47228751153661629E0*B°
Y~Y+.311267619693239468-1%( rcr(n-lcnrcru—c:) )
C=,43281560119391587E0*B .
Y=Y+, 47579255041246392E-1%( rcr( A  HPCTY A-C ) ) ,

" C=,'37770220417750152E07B -
Y=Y+.62314485627766936E-1*( ICT( A+C HFCT(A-C))
C=.30893812220132187E0*B
Yo=Y+, 74797994403200373—1*( rcr(mc)-rrc-r{ A-C) )
C=.22900838882861369E0*B -

Y=Y+ . 8457825969750127E-1*( PCT( A+C HFCTY( n—c; )
C=,14080177538962946E0*B

“Y=Y+.9130170752246179E~1%{ FCT( mc )+rcr( n-t:) ).

/o; 47506254916616720E-1"B

Y=B*( Y+, 9472530522753425:—1*( mc n.+<:)+rcr(n-c; ) )

SUM=SUM+Y
CONTINUE

IF(AB3(SUM-SUMO) .LE. ABS(B&II"L.OE,?Q))' GO TO J.OO

SUMO=SUN
CONRTINUE}

summuz DG.'LG(XI-.XU;M.B(H)
C....THIS PROGRAM COMPUTE INTEGRAL {!Ul'), StllI!D CNER X m

e

TYPE *,'***FAIL TO cwvm IN ms*w

m
RETURN
END

SUBROUTINE upmtn.n.n N.M, I-}

IR=0

IK=N

DO 10 K=1,L
IK=IX+M

DO 10 J=1,N’

\0

G WRONG IN BESY IER = *,IER

L

i

'C....THIS PROGRAM COMPUTES ReA¥B m uuvﬁ) num.)
| DDNENSION'A(1),B(1),R(1) . .

-
e e e e




.. ey
R s ’ ) !
- w 4
d 5 " 4
...... - 5 ‘J. ' . . - ., .. - 2
H v, i L, . g e v .
! 5 i 5 i e v :
i g o
i ¢ = :
e .
, . N
T ] . e oY
. f) . b "
R L ¥ e - N
. Lt e « Py Lo
& -112 - : /
a : . 3 LI ..1
i
L]
. - ’ A -

9 . ! TReIR$L | ' R e v
{ . © II;B-IK . T # , L 3 -, ) . . ; . 5 n,‘_.
SRR R(IR)=0.0 I A
N DO 10 I=1, M - 7 ‘ : S : . T
TI=JI+N = ' >
. ¢ IB=IB#L e _ : ' AR
= 0 Rcm-n(m)mmm{m) s 2° . e w
N RETURN, ) : ' .
R A - T
- ‘p#%  SUBROUTINE mvcﬁ,a,u,u) ‘ LN
' e . - DIMENSION A(1),R(1) ~ & .. .
. L . EPs=1.0B-4 R {

. C |- IP(M)23,23,1 L

Ml . _-c...mmnwmmmn * i
* PIVn0.0E0 ' '

TB=ABS(A(L))- - .- A

© - IN(TB~PIV)3, 3,2 = . Y- © s .

. . I-Il ) a 2 , E - P . ) .

T " .- DO 17 K=1,M _— Fi A _ o 5" o o ]

IF(PIV)23,23,4 R ~_ . v o, T R ,

IFP(IER)?,5,7 , - ; SR R

| IF(PIV-TOL)6, 6,7 A [ e R S RN

 PIVI=1,0E0/A(I) ; _ Ca e e { "o S
- & T ALy &

I=IJ*"M-K ¢ ! r ) . s e e .

J=J+1-K. - - % L et A “ 1 Fe

Y WY
%

* DO 8 LeK,NN,M . "E R R g | D s » "
LL=IAY . - S s . LR . B N
TB=PIVI*R(LL) - = - - | o E e we v
' R(LL)=R(L) = .~ - _ Lo o ;
'. 8 R(L)=TB , ' i ' _ C/ ' e T .y
2 B " g 18, : . I _ e , .
i Ir(J)lz.].z,lO E i I . I . . : . 5 o e .
, 10 II=frM e  fag L M e B R kg WS v
: : . LI~IAIT. L . TR I S I '
o, ML)=A(LL) R N A " R L ¥ 3 =
Cn » . u “;‘lm e i . . : '* . . . » B } . . .--. B _4___,__..
4 I .12 DO 13 Ipm"‘" ] v \ C v . ‘J.I ’. T S
; h . ' ' MI : T . -ty o o “_'-_",: - "3 .|' 'I"I- A i, ¢ . ’ vt Y ‘
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L]
(I .'
ol
h
'
.
13
" "
}o
i ’
i
b
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v
e
5 e
L

/!

" 10

DO 16 II=LST,LEND

' LSTWLST™MM L

t\ - 113 ‘f' '

A(LL)=A(L) -

" A(L)~TB
"A(LST y=J

PIV=0.0E0 & D

-

J=0 o . "

PIVI=-A(IL) - —~
IST=II+M ‘ (\/ v

| JmIHL -
DO 15 L~IST,MM,M . S s

A(L)=A(L)}+PIVI*A(LL)

- "TB=ABS(A(L))

IF(TB-PIV)1S, 15;'14 ' . .
PIV~TB ’ ' :
I=I,

CONTINUE

. DO 16 M,!ﬂ;

n{m.)-n(r.r.)-wm*mm :

&

IP(M-1)23,22,19 ~ . .. o

| LSTeM#L .
. DO 21 I=2,M

II=LST-I .
IST=IST-LST
L=IST“M
Im=A( L )4+0.5E0 .

DO 21 J=II,NM,M
TB=R(J) - w
Limy

R

‘DO 20 x-xs-r.ul.u

IJFLI:!']. ’ d Co
M—MK)*R(H:) 3 N
K=J+L ' . -
R(J)=R(K)" |

R(K)=TB s

IER=-1

-

TYPE *, wnnmmm WRONG IN IIV m*****"

m Q
m . . - -

SUBROUTINE VSUB(A,B,C) | . |
' DIMENSION A(3),B(3),C(3)" - o L=

DO 10 I=1,3
C(I)'NI)-B{I)
RETURN

SUBRGUTINE VOOT(A,B,8)
DIMENSTON A(3),B(3) '

Lt .,

C TP ———

v



.10

A o~

10

C

20

C...TOTAL SOURCE STRENGTH WHICH MOTION IS"NOT

c
L+
Cc

' S=0.0 - RS

DO 10 I=1,3' e L
S=S+A(I)*B(1)
RETURN .
mD - _
SUBROUTINE VCRO(A,B,C,S)
DIMENSI 3),B(3).C(3)

. Ca=A(2)*B{3)-A(3)*B(2)

.= 114 -

£2=A( 3 )*B( 1 ){A(1)*B(3)
'C3=A(1}*B(2 M 2)*B(1)
S=SQRT( C1*C14C2*C24C3*C3 )

C(1 )=C1
(2 )=C2
C(3)=C3 .
RETURN

END -

-SUBROUTINE VCOM(A,N1,N2,N3,C,I,J)
DIMENSION A(N1,N2, ll3) C(N3)

,Do 10 ‘K=1,3

C(KH(I J,K)

SUBROUTINE QTOTAL{ NSP,NN,Q135, Qz«mqnn,mrz)
. «THIS PROGRAM CALCULATE THE TOTAL Q FOR DRIFTING FORCE

« INPUT: -NSP,NN,Q135,0Q246 , ANP
m: QDr1(SIDE 1),Q0F2(SIDE 2)

DIMENSION Q135(NN,4),Q246(NN,4),QOP1(RN),QDF2( NN ), ANP( 12)
COMMON /C2/ GRAV,DEN,FREQ,DEPTH

+ VRO, ANU, HEAD

DO 10 I=1,NSP

II=I+NSP

. » T1=0.0

. )

.+ T2=0,0
; T3=~0.0
'T4+0,0

v ¥

DO 20 J=-1,3

J1=2%J-1

J2=J1+1

T1=~T14Q135(

T2=T24Q2
T3=TIHQL

QDF1(IX

Y*AMP(J1+6 HHQ135( LT, J )*ANP(J1)
I,J)*ANP(J2+6 YHQ246( II,J)*AMP(J2)
(I,J)*AMP(J1)—Q135( I, I )*AMR( T1+6 )

16( T, 0) *AMP(J2 )-Q246( LT, J ) *AMR( J246 )

I'4

P1L35(I, 4)49246{1.‘ !'Rm*(nm)

135(I;4)-Q246(1, *(T1-T2)
135( LI, 4)4Q246( II, 4)-PREQ*('T3+T4)

QDF2( 1T )=Q135( I, 4)-Q246( I, 4)-FREQ( T3-T4)

. QDFL(I)=Q135(I,4)+Q246(I,4)
QDIP2( I )=Q135(1, 4)-Q246(1,4)
QOF1( IT }=Q135(II, 4 )HQ246(1X,4)

*

S -




,,
e

LY

.THIS PROGRAM CALCULATE THE SR,SI.
+INPUT: N,NN,PAN, SUR,QDF1,QDr2, mrm
Om: SR, SI,S8C08,33IN

. DU=MNUM*( SX4CY ) -

- 118 -

QDP2( IT J=Q135(II, 4)-Q246(1L,4)
CONTINUE

RETURN

no

SUBROUTINE 'SIR(N NN, PAN, SUR,QDF1,QDP2, THETA, SR, SI, SC0S, SSIN,DSR, D3I,

1 : DMENT )

DIMENSION PAN(N,3), sunm.qnmmmmum
COMMON /C2/ Gmw,nm mm DEPTH, WNUM, ANU, HEAD
81=0.0

52=0.0

83=0.0.

34~0.0

DS1=0,0 T e

DS2=0,0 - o™=

DS3=0.0 '

DS4=0,0 .s ,
DO 10,I=1,N . N

. IT=I4N

ac-oos(mypmcx.l)
SY=SIN( THETA )*PAN(I,2)
U1=MNOM* ( CX+SY }+2 . 35619
U2=MNUM* ( CX-SY }42.35619 -
SX=SIN(THETA)*PAN(I,1)
CY»COS( THETA )*PAN( I, 2)
DUL=MNUM*( SX-CY )

Z=PAN(I,3)

TZ-EXP( MNON*Z ) *( 1. O+EXP( ~2 . O*WNUM*( Z+DEPTH) ) )*SUR( 1)

81=S1+( QOF1( I )*COS( U1 }4QDF1( IT )*SIN(UL) )*T2Z
S52=S2+( QDP2( I )*COS( U2 HQOF2( I )*SIN(UZ) )*TZ
83=83+(QDF1( II )*COS( Ul )-QDPFL( I )*SIN(UL) )*TZ
S4=S4+(QOF2( 11 )*COS( U2 )-QOr2( I )*SIN(U2))*TZ
DS1=DS1+( QDPF1( I y*SI( mt II)*COS(UL))*TZ*DUL
DS2=DS24+({ QOF2( I )*SIN( (I )*COS(U2) )*TZ*DU2
DS3=DS34( QDF1( I )*COS( UL }4+QOF1( IT )*SIN( Ul) ) *TZ*DUL
DS4=DS4+( QDF2( I )*COS( U2 HQDP2( II )*SIN( U2) )*TZ*DU2
SR=S1+82

SI=83434

DSR~DS1+DS2

DSI=D334DS4

SH=SR*SR+SI*SI .

B00S=SH*COS( THETA ) '

SSIN=SM*SIN( THETA ) :
DNENT=SR*DSI-SI*DSR - .
RETURN S v T o

.. ' e i T

SUBROUTINE DRINFT(MN3P,NN,PAN, m,mr:..g:rz m,m m)
m 'l!E DRIFTING PORCE

vamza POR DRI!‘I'IW FORCE -

P



«

0
*

C...INPUT:. NSP,NN, PAN, SUR,QOF1,QDF2

C...OUTPUT: DRFX,DRPY(DRIFTING PORCE IN X— AND Y-DIRECTION).

DIMENSION PAN(NSP,3),SUR(NSP),QDFL(NN),QDP2(RN)
COMMON /C2/ GRAV,DEN, FREQ, DEPTH, MNUM, ANU, HEAD

' HK=WNUM*DEPTH

E2=EXP(-2.0*HK)

E4=EXP(—4.0%HK) ,

T =( MNUM*WNUM-ANU*ANU ) *DEPTH+ANU

T2=1,0+4.0HK*E2/(1.0-E4)

TEMP1=4 . 44268 *DEN*WNUM*FREQ*T2/(T1*(1.0+E2))

TEMP2=—6 . 28318 %( 1.0~E2 )*DEN*( WNUM**4,0 )*T2/( TL*T1*( 1,0+E2)**3.0)

c...nummmmmmnvzm 4

CALL SIR(NSP,2*NSP,PAN,SUR,QDF1,QDF2,HEAD, SR, SI,SCOS, SSIN, DSR, DSI, T™H)
DRPX~TEMP1*( SR~SI )*COS(HEAD)

DRFY~TEMP1*( SR-SI )*SIN(HEAD) |.

DRMZ~TEMP1 *( DSR4+DSI )/WNUM

C...USING GUASSIAN 16 POINTS mmnmm'mmmmmm
C...DUE THE MOTION EFFECT

DELTA=6 . 28318/4.0

m.o : . § :
SUMY=0.0. - o q C c- !
SUMMEN=0 .0 . o AN
DO 20 J=1,4 , . SRR . .
X1=(J-1 ) *DELTA | .

. X2=X1+DELTA

A=, 5E0*(X2+X1)

B=DELTA

Cm=, 49470046749582497E0*B

CALL SIR(NSP,2*NSP,PAN,SUR,QDP1,QDP2,A+C, SR, SI,APCC, APCS , TEM1, TEM2, DM, )
CALL SIR(NSP,2*NSP,PAN,SUR,(QDF1,QDF2,A~C, SR,SI,AMCC,AMCS, TEM1, TENZ, DM2 )
FX=.13576229705877047E~1*( APOCHAMOC) .
FY=,13576229705877047E-1*( APCS+AMCS )
PMEN=. 13576229705877047E~1%( DM14+DM2 )
Cm=,47228751153661629F0"8

CALL SIR(NSP,2*NSP,PAN,SUR,QDP1,Q0F2,A+C, SR, SI,APCC,APCS, TEML, TEM2, nlu)
CALL SIR(RSP,2*NSP,PAN,SUR,QDF1,Q0F2,A-C,SR,SI,ANCC, m,'xm.'xfm LOM2)
FX=FX+.31126761969323946E-1*({ APCCHAMOC ) :
PY=FY¥+,.31126761969323946E-1*( APCS+ANCS )

' PMEN=PNEN+ . 31126761969323946E~1*( DM1+DN2 )

" CALL SIR(NSP,2*NSP,PAN,SUR, mﬂ.norz,n—c,sn,sr,nm,m,mq,

C=.43261560119391587E08 .

CALL SIR(NSP,2*NSP,PAN, SUR,QDPI.M,&!‘C,SR,SLW.W.M.M.
CALL sm(nsr,2*ﬂsp,1ml,sun,wu.non.n—c.sn.sr,amc.m.mu.ma.
PX=FX+,47579255041246392E~1*( APCC+AMCC ) .

bl

- FY=FY+,47579255041246392E-1%( APCSHAMCS )

PMER=FMEN+ . 47579255841246392E~1%( DM1L+DM2 )

C=,37770220417750152E0*B

CALL SIR(NSP,2*NSP,PAN,SUR,QOF1,QDF2, B'I'C,SR,SI,M APCS, TEM1, TEMZ, DM1
TEMZ , DM2

S St

PX=FX+.62314485627766935E-1*( APCCHAMCC )
PY=PY+,62314485627766936E~1%( APCSHAMCS )

PHEN=FMEN+ , 62314485627 766936~ 1%( DM14DM2 ) _
C=.30893812220132187E0*B '
CALL SIR(NSP,2*NSP,PAN,SUR,QOFL,Q0P2,A+C, SR, SI,APCC, ARCS, TEML, ™o, D0 )

-




20

C...TOTAL DRIFTING FORCE AND MOMENT

. PX=B*( PX+.9472530522753425E~1*( APOC+AMCC ) )

v

. CALDL BIR(NSP,ﬁ*HSP,PAN;SﬂR;MI m,h-C;SR sx,mcc,mcs TEM1, TEM2 IIIZ)
FX=FX+.74797994408286837E-1*( APCCHAMCC )

FY=FY+.7479799440828637E-1*( APCSHAMCS )
PMEN=FMEN+ , 74797994408268837E-1 *( DML+DM2 )
C=,22900838982661369E0*B
CALL SIR{NSP,2*NSP,PAN,SUR,QDF1,QDF2,A+C,SR,SI, APCC
- CALL SIR(NSP,2*NSP,PAN,SUR,QDPF1,Q0DF2,A-C,SR,SI,AMOC
PX=FX+.8457825969750127E~1*( APCCHAMOC )
PY=FY+.08457625969750127E-1*( APCSHAMCS )
PMER=-FMER+ . 8457825969750127F~1 *( DM1+DM2 )
C=.14080177538962946E0*B

llucsl' !nnl TM;M
»AMCS, TEM1, TEM2

[ r

N

CALL SIR(NSF,2*NSP,PAN, SUR,QDF1,Q0F2,A+C,SR,SI, apcc.apcs.m.m D)

CALL SIR(NSP,2*NSP,PAN,SUR,QOF1,Q0F2,A~C,SR,SI, AMCC, AMCS
FX=FX+.9130170752246179E~1*( APCCHAMCC )
PY=FY+.9130170752246179E~1%( APCS+AMCS )
PMEN=FMEN+ . 9130170752246179E-1*( DM14+DM2 )
C=.47506254918818720E~1*B o
CALL SIR(NSP,2*NSP,PAN,SUR,QDPF1,Q0®2,A+C,SR,
CALL SIR(NSP,2*NSP,PAN, SUR,QDP1,Q0F2,A-C, SR,

TEML, TEM2,DM2 )

I

SI,APCC,APCS, TEM1,TEM2,DM1)
SI,AMCC, AMCS m.m,ntz)

PY=Br( PY+,9472530522753425E-1*( APCS+ANCS ) )

FMEN=B*( FMEN+. 9472530522753425E-1*( DM1+DM2 ) )

SUMY=SUMY+FY
SUMMEN=SUMMEN+FMEN
CONTINUE,

¢

DRFX=DRI'X+TENP2 *SUMX
DRFY=DRFY+TEMP2 *3UMY
DRMZ=DRMZA'TEMP2 * SUMMEN
RETURN

END-

0 % _ o : ‘ :
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PROGRAM OUT72 . ..

- DIMENSION PAN(36,3),UN(36,3),UNN(36,3),SUR(36), * /~

DGL1R( 36, 36 ), DG11I( 36, 36 ), DG12R( 36, 36 ), DG121( 36, 36 ), S
GLIR(36,36),G11I( 36, 36 ),G12R( 36, 36 ), G121( 36,36), - .
. PHITR(36),PHI7I(36), PHISR(36 ), PHIBI( 36),Q0F1(72),Q0F2(72), -
POT135(72,4),POT246(72,4),Q135(72,4),Q246(72,4),
AN(6,6),DEMP(6,%),RM(6,6),C(6,6),FOR(12),AMP(12)

0nd wn e

COMMON /C2/ GRAV, DEN,FREQ, , WNUM, ANU, HEAD -
COMMON /C3/ VOL,XB,YB, 2B, . XG,YG, 2G
L ‘ COMMON /SER/ UK(1000), cammoo), .
& x . DATA NSP/42/ < ' "
. : DATA GRAV,DEN/9.8,1000.0/ -
_ DATA XG,¥G,26/0.0,0.0,10.62/ % o

DATA RI44,RI5S,RI66/33.04,32.09,32,92/

DATA DEPTH,HEAD/S500.0,0.0/ . . .

ct*lt*ttl.tll"lll'il**ttlltf!ltlt?*'tttlltt*!t!t!' te
VOL~324000.0 '
SLL~90.0
AAL=DEN*VOL .
BB1=DEN*VOL*SQRT( GRAV/SLL ) '
AAS=AA1 *SLL*SLL il I
BB5=BB1*SLL*SLL ‘ v ©

ctIIIl’l’tIlIIi*ﬂ_I*tI!*t*l‘l“'*tl"’tt*l’tttt'tttttt*

‘ _ CALL ASSIGN (2, 'COM.DAT')

CALL ASSIGN (3, 'PRNT2.DAT')

WRITE(3, %) AR AR AR RRARARRRARARAR AR RRARARARARRRREARERRTR 0

WRITE(3,*)*RESULT OF 72 PANELS FOR RECTANGULAR BOX'

'er!(a't)'*iitlttI*iittt*titttttitt*****!*****l!t*****tt*t.'

DO 17 KI=1,6 : -
READ (2)PAN, SUR, POR,AMP, AM, DENP,C, RN, :
1 GRAV, DEN, FREQ, DEPTH, MNUM, ANU, HEAD, DRIPX, DRIFY, DRMZ
cttttitttt*ttttttttti!lut*t*ti!tlt!l*’tlltttttttt!tttttlttttltttttttlttt*
. WRITE (3,*) *PERIOD = ',2.0%3,14159/FREQ
) a , WRITE (3,%) 'HEADING = * ,HEAD*180./3.14159 ¢
‘ " WRITE (3,*) 'A(11) =',AM(1,1)/AAL, A(33) =",AM(3,3)/AAL
' WRITE (3,*) 'A(55) =',AM(5,5)/MAS, 'A(66) =',AN(6,6)/AAS
| _ WRITE (3,*) *B{11) =',DEMP(1,1)/BB1,'B(33)'=",DENP('3, 3 )/BB1
= WRITE (3,*) ‘B(55) =',DEMP(5,5)/BBS, 'B(66) =* ,DEMP(6, B}{m -
PHASE=S0 . O—FTAN( AMP(1 ), AMP(7))
"AMIG =SQRT(AMP( 1 )*ANP( 1 HAMP(7 )*AMP(7) )
g WRITE' {3,-) "SURGE MOTION =',AMIG) PHASE “SwfEASE

PEASE~50. O-FTANCAMR(3), ANR(9) )
AMIG =SQRT(ANR( 3 )*AMP( 3 }+AMP(9 )*ANR(9) )
WRITE (3,*) 'HEAVE MOTION =',AMIG,' PHASE =°,PHASE . il

.o’

. e o T s ae
:

: PHASE=90, O—FTAN(AND(5 ), AMP(11) ).
o nNIG -mms)-mcam(u)-mun




-+ =119 -

WRITE (3,*) °PITCH MOTION =' AMIG*SLL,'  PHASE «',PHASE -

mso.o-rm(mlg(l).ronz?))
AMIG =SQRT( "OR( 1 )*FOR( 1 +FOR(7)*FOR(7)) ‘ . ,
WRITE (3,*) "SURGE EX.FORCE =',AMIG/(GRAV*AAL/SLL),' PHASE =',PHASE

A . PHASE=~90,0-FTAN(POR( 3),FOR(9))

AMIG =SQRT(FOR( 3 )*POR(3 +POR(9)*FOR(9))
WRITE (3,%) 'HEAVE EX.PORCE =',AMIG/(GRAV*MAL/SLL),' PHASE =',PHASE

PEASE=90, o—m(mncs) mn))
-~ AMIG =SQRT(FOR(5 )*FOR(5 #FOR(11 )*FOR(11)) * , :
. WRITE (3,*) 'PITCH EX.FORCE =' AMIG/(GRAV*AAL),®' PHASE =', PHASE

\ ' WRITE (3,*)"DRIPT PORCE(X) =', DRIFX/(DEN*GRAV*SLL) e
WRITE (3,*)°DRIFT FORCE(Y) =', DRIFY/(DENTGRAV*SLL)
"WRITE (3,*)'DRIPT MOMENT{Z) =', DRMZ/(DEN*GRAV*SLL*SLL )
. . WRITE (3,*)' *t*t*t*tttt**!**ttt'*tttt*i****tl***i*“tl‘l’*l’"*t"

. WRITE (3,*)' ' & ey \
17  CONTINUE ' ' .
. STOP .
END - . . ' X .k

PONCTION mmm,u)
C.ii0...THIS FUNCTION COMPUTE THE m 01’ (AR.M) IN m m
C. -oo-am “”m T0 +270.DEG.
D=ABS(AI/AR) = o ® o
D=ATAN(D)/3.1416*180.0 %5
IF(AI .GT. 0.0 .AND. AR, III'.OO)D-].GOO-D
IP(AI .LT. 0.0 .AND. AR .GT. 0.0) D=-D :
IP(AI .IT. 0.0 .AND. AR .LT. 0.0) D=+180.04D




i .
EXXRARRANRRR & N 3
POROOS5.DAT ' INPUT OF THE PROGRAM

AERARENARRR

45, 7.5 . "10.
4‘51 I 7.5 _300
45, 22.5 -10.
as. 22.5 . --30.
45, 37.5 =10,
45, 37.5 _ -30,
37.%: 45, - _101

o
°

-
-
-

°

-
-
-
-

-
.
-
-

©ooooooo0o00000

Doooo0o0o000000

W W W W W W

Hu-'n,-.-ao;ti.-iwﬁ.w
3838888838838

QO‘OQDG?OOOCO

000000000000 KKMKMKE

o “
0 0
0 ,0.0
0 0.0
0 0.0
0 0.0
0 1.0
' 37.5 as.; -30, 0 1.0 . .
22,5 45,/ =10, .0 1.0 ; 300.
0 22.5 . 45..  -30. . 0 1.0. . 300.
. 11 . 7.5 ' . 45.  -10.. .0 1.0 . 300.
N 12 7.5 . 45, = =-30. N N . .300.,
. 13 ‘37.5. 33,75 -40. 0" 0.0 =1.0
: e 37.5 °11.25° -40. 0. 0.0 -1.0
t S S . 15. ‘22,5 : 33.75 __-"On .0.‘ ) 0.0’ -1.0 ’
16 *22.5 11,25 -40. .0 . 00  -1.0
17 7.5. 33.7% -—40. 0 . 0.0 -1.0
--18 7.5 11.25 -—40. 0 .00 -0
" !
’ i
' 5, )
- 1 Q.
(o]

1. o ? \
’ "*‘ " ' ) x : .
) . b ~— v
, ” 5 ~ o
P ! = i =g owl,  Ee v . \
! - _ - " .\ ; L
P o t ) . " &
i - * - .' ! '
x ~ &k’-“ ‘

B L >

4 =
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RAXXXXERXXKKKEK s 2
PRNT2 . DAT 1 OUTPUT OF THE PROGRAM |
ARXRRRRARRRAARR .

-

ERARARARAR AR AERAEERNRARRERARRARR ﬁil"tt***t**t**

RESULT. OF 72 PANELS FOR RECTANGULAR'BOX . C boay W
l’*t****t******Imt*ﬂ*'I‘l*Rttl!ﬂ’***tt*tt*t***t**

PERIOD =  9,999999 S :
HEADING = ~ 0.0000000E+00 S | - .

A(11) = .0.1779451 A(33) = 0.6936716 ' ' A

M55) = 4,0283702E-02A(66) = 5.7746455E-02 ' L
B(11) = 0,9037306  B(33) = 3.1050753E-02 - .

. B(55) = .1.8677386E—02B(66) = 4.5083300E—03 ' Lo : ; . 3
SURGE MOTION = 0.2023692: PHASE = -—46.46820 - * _ : ' , :
HEAVE MOTION: = 2.6818879E—02 PHASE = -103,8198 ’ *
PITCH MOTION' = 0.2177859 - PHASE = 135,5104

. SURGE EX.PORCE = ' 0.9025733 ' PHASE = 106.8761 . ;
HEAVE EX.FORCE = 0.1043513 " PHASE = . 75.30950 - . ;

' PITCH EX.PORCE = 0.1205921 - " PHASE = -71,56024 = B .

DRIPT FORCE(X) = 0.4890130 . B¥ - R
DRIPT PORCE(Y) = -1.1269563E-08 . : . :

DRIFT MOMENT(Z) = ~7.5263756E-10 - ' PR S
t*t*tI*tttt‘ktttttt*ttttttttllttttttttttt!l’!‘lt‘*ttﬂ - _-1' . N . .
& - : o - )

. PERIOD = . 12.00000. g : S ) S .
HEADING =  0.0000000E+00 . . \ . “ ;
A(11) = 0.4019165 A(33) = 0.6734779 . o S | :
A(55) = 4.5369517E~O02A(66) = 5.0772507E—02 , ' ' oy
B(1l) = .0,9664637  B(33) = 7.7199653E~02 - & - : R
"B(55) = 1.7726453E-02B(66) = 2.3326605E—04 - . - '

"SURGE MOTION = 0.3462898 PEASE = -73.69241 :

HEAVE MOTION = 0.1399764 PHASE = -127,2732 .

'PITCH MOTION = 0.3302048 PHASE =  106.0551 .

SURGE EX.PORCE =  1.331Q19 PHASE = 79,48020 _
BEAVE EX.PORCE = 0.2753643 . , PHASE = ~ 49.15677. |
PITCH EX.PORCE = 0.1761464 -  PHASE = -100.9704 « - : .
DRIFT PORCE(X) =. 0.3756127 _ a - g N
DRIFT FORCE(Y) = 1.0888847E-08 ‘ v " 2 o - . g = % a"

ERRN l’l‘lt%’!‘l“l‘*t*t‘l!**t*ttt AR RAN !II********I'*

DRIFY M(Z) = 1.2098719E-10 : ' . . E

*

: _ : L - i
* PERIOD = = 14.00000 . ' _ ' / S IR '
=  0.0000000E+00 y e v . - @ :
A(11) = 0.6638447  A(33) = 0.6657764
A(55) = 4,9814995E—02A(66) = 4.8433807E-02; L - I
B(11) = ' 0.8056340  B(33) = 0,1296488 o : . . N A
B(55) = 1.3000505E-02B(66) = 1,7320217E-Q5 g ] e
SURGE MOTION = 0.4901692 ~ PHASE = -83.02115 - ;.- B S Y
FAVE MOTION = 0.5476664 PHASE = <£135,1987 : BF e e .
P MOTION = 0.4152229 ; PHASE =  96,09303 - - yii
EX.PORCE = 1.616891 PHASE =  75.34177 SN o : 1
WPAVE EX.FORCE = 0.,4654126° PHASE =  32,82574 i : o :
R EX.FORCE = 0,2063015 PHASE = ~104,9533 ‘ o e -




¥

. SURGE MOTION = 0.6893444

- 122 -

, DRIPT FORCE(X) = 0,2471173 R .
DRIPT PORCE(Y) = -1.1755061E{08
DRIFT MOMENT(Z) = 6.5305893E-11

HERRAAEARAARRARARAAARA AR ARRAARAARARRAARARARAN AN AR

PERIOD =  16.00000 ..

HEADING =  0,0000000E+00 o

A(11). = 0.8342986  A(33) = 0.6773978

A(55) = 5.1916514E-02A(66) = 4.7341917E-02
B(1l) = 0.,5253953  B(33) = 0.1700688

B(55) = ' 7.5277337E-03B(66) = 1.7596584E-06
SURGE MOTION = 0.6040380 PHASE =. -86.78464

' HEAVE MOTION = 2,761543 PHASE = -98.99474
PITCH MOTION = 0.4516027 ' PHASE = 92.33227
SURGE EX.FORCE = ° 1.630511 PHASE = 78.55598
HEAVE EX.PORCE =" 0,6577757 PHASE = 22,82619
PITCH EX,FORCE = 0,1988162 . PHASE = -101,5796

' DRIFT FORCE(X) = 0.,6720425

DRIFT PORCE(Y) = -2,0671662E~-08

DRIPT MOMENT(Z) = 9,0917031E-11 - ,

*I*t**‘l’*‘!ﬂ*********‘l‘***I‘***I‘I‘*‘l'ﬂ‘****I*IF*II‘I"I’
’ ' “;‘

PERIOD =  18,00007 .

HEADING =  0.0000000E+00

" A(11) = 0.8786014 ~A(33) = 0,7036057.

A(55) = 5.1954225E-02A(66) = 4.6719987E-02 - -
B(11) = 0.2963249  B{33) = 0.1925385

'B(55) = 3.8218205E-03B(66) = -2.3890027E-07
'PHASE = .-88.44836

" HEAVE MOTION =  2.098073 . PHASE = -14.25278
"PITCH MOTION = 0.4532574 . PHASE = 90.88786 -
SURGE EX.FORCE =  1.476040 ' PHASE =  82.47288

HEAVE EX:PORCE = 0.8381730 PHASE = * 16.39951

‘PITCH EX. \ 0.1724154 . PHASE = -97.58699

DRIFT PORCE(X) =\ 6.5767340E-02
DRIPT PORCE(Y) = -1.0753330E-09

‘mqrr'fz) - -2,7303377E-12
*ttttt***ﬂ*tlttll**!tt*t*ttlt*b!l*t**'*tt!ktttttt

PERIOD =  20.00084 . _
HEADING =  0.0000000E4+00° - :

/ A(11) = 0,8590820  A(33) = 0.7375016 >

A(55) = 5,1246542E~02A(66) = 4.6323139E-02
B(1l) = 0,1602608  B(33) = 0.1992931

B(55) = 1,8877644E-03B(66) = ' 4.3368996E-08
SURGE MOTION = 0,7523804 PHASE = .-89,22000

HEAVE MOTION =  1.426518 PHASE = -3,616913°
JPITCH MOTION = 0.4350950 PHASE = 90,33043.
. SURGE EX,PORCE = 1,278632 = PHASE = 85.28959
- HEAVE EX.FORCE = 1,000595 . PHASE = 12.07687

PITCH EX,PORCE = 0,1436083
'DRIFT FORCE(X) = .6.5905107E-03
DRIFT FORCE(Y) = —4,4062243E-11

PHASE » ~94.73732

* DRIPT MOMENT(Z) = 9,9446039E-14 SR

ad

Bk M e e
















