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o Gt B ' ABsTRACT / b
The useof fixed p1atfdrms of -either the gravity’ ur Jacket tyve iu

_water depths exceeding’three hundred and fifty meters would so escame
P@ size of these conventional platforms as to mnder recnver_y‘ of ofl
uqecnnoﬂ\ica\. Mternative platform concepts such-as' the guyed tower E
(Flnn, 1976) take advantage of the effect of compHance to the wave *
actinn. However, ‘such a cnn:ept introduces the main problan for ‘deep- " -~
water. platforms nanely the [P interaction of vaves and structure. :
Assuming the twer g: be of uniform f'leual rigidity and uniform

* wefght per unit 1enqth, a modified Morison's equation was used to
determue the hurizonta1 wave loads on the tower. The, aquaﬂun of

¢ moﬂon for.the horizontal displacement of the decl§ was set.up and a’
Crnnk-mr:ho\son f{ndﬁ-diifemnce algorithm was employed to solve the
enwation of motmn of the tower. Mater particle velocity and.
“accelératfon used in. the wave-Toading computation were dbtained using
Tinear diffract{on ,theory (Mactamy and Fuchs, 1954). 1In the

development of the cmnputer model the tower was represented as an

equwﬂent beam and the disfributed wave load was resolved hn:o

concentrated nodal forc_es. Experimentany determined coefficients for
dampiiig, restoring and the mass of thé tower were used for solving,

_ equation of motion. 1 =

. G

l . .
In order to compare the predictions. of " the computer model “with the
performance of a physical model, a-model of the guyed tower .was™
s 2 I3 g

structed and tested in & wave tank: “The “tower was. supported by -

etght quy wires’ each having a modet we1ght per unit_Tength of '5.21 W/n.

Deck displacements of the tover were monitored by vieans of ‘rotary




s
tunsﬁncevs and the guy 1ine ten{ﬂms wgn,-onuond using ring -
~trinschcers phced mrecny |n the 1ines. The dampini :ufﬁdent of -
s the’model was detemnzd experhem.any by displacing the ml and
: us‘lng the ‘logarithmic decrement obtained from a record of m free
‘oscilTation. The restoring coeffictent wis also determined

ks exper)nﬁ‘{nt}"{y by ‘eperatipg a plot of tétal 'ns’ta‘ring force ver%us
deck offset of the mode]. tower. - Fairly good agreement between the -

P computer model results and the physiul mode test nslm:s was found

fur the’ deck Msphcement. 3
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“1. - INTRODUCTION " RS cgdte R T

* their fmportance has been considered to e Tegligible, however the

The large.majority of ocean structures current]y under: study are " -

L related to activitjes in- thé offshore ofL and gas industry.  Present .
systus vary from: the comren lﬂ))ntw- fwnded type in water depths. of »
up t one hundred miy meters to the gmanically posfitoned senfsub- <
“mersible operating at depths up o three hundred meters.’ In te .

| Ongoing dévelopment of the ocean’ < resources it is' the; mpnnsmmy ‘__ Y

. of, engineers‘to provide”the industrial sector with safe and economical

‘.. “methods of design and analysis. Presently, the main technique 0.
design an avioural prediction fs numerical modeliing. Testing.and - %

ver(ﬂcatlnn of numerlca! ‘models used to predict the, hehnvinur “of off—

shore structures is of ‘Im:rnﬂng\lnterest “in the development of new

structura] concepts since there aists a rurber of basic hydrodynamic

effects that lack adequate theoretical deseription. Trmﬁtinni“_y 3

these have been discarded in hydrodynamic exnerinentul usﬂng because - 3

_development of® new deep uaur comepts mnd 2 more swhistlcund g
techrmogy. -

One deewlter concept for a water uwa range of six hundred to e .
. - elght jmndred metérs is the guyed me{ (F@n. 1976). The guyed w-er ” §

ls a tall ‘rﬂat'vely thin "truss-framed cl‘mp‘flﬂt structure. Th? B
foundatfon of the guyed tower is usually of the spud can or pfle ., °.
configuratfop. The-tower is held upright by a system of guylines, the .

; ends of which are attached: to clumptd weights nsung on me ocean

AN e

_ﬂoor. These .nelglm‘ are connected to anchors embedded (n the floor or




o

- o piles by means of a trafling line.. Thus, when the tower |
ﬂsphce-snt exceeds a urﬂcu!ar n-n. “tis Clumped ueignt will “ft \‘
""-, An advaritage of the quyed tower for' deep water drillingas -
cnqured w the jacket type structure is the economy in its structurﬂ

:ost die m a cwlslpnrlmz reduction in steél. =7 i %

In, 't Tate isso's Exxon’ promcmn nesearcn Company began 5

. consider the meer as a productfon platforn and-as 4 result in -
1975,a Iliﬁl scale mede1 uas erected in the Gulf of Mexico.  Finn. -~

'(1975) has presented Vbe analytical resu'lts uf waveblnad g on.the . —
Q

t.wer, vmereh the wave’ ‘particle kinmntics are conputed #sing Miy's ;i 7
wave” theory. Nwev:r eo date it appears ﬂ\at there hnve not been w ety

esults :nm:erni»g nve tark studies of sm:h a_structure published in

“Ere-open Titerature: ‘The. follovlnq thesis mmres an analytical and
_ghysical model of guyed tower strictire, | B S

ncoa:’ncn. DEVELOPHENT - . e e TR

Cuns r 'mtlﬁoﬂﬂ, 4ﬂﬂsc|d and M:npress“ﬂe WO

dihnslnnc‘l mtlnn of water waves mr a stable horfzontal botto-,

3 chh ‘can be descﬂb{d by’ the Laplace differentlﬂ emllHun




% Equathm 1is suh!ecbed to the following boundary conditions: £

1) an prermeaMe bnttom hnundary cond(t(un described for.a horlmntal
s wte

wnere b= water: deptn # g 8 : 3

2)’assum|ng that the incident wave height to |ength ratin is

ficiently sma]'l. al} ‘noi- Hnear ‘effects due to wave’stenfness mqy be

neglected wltimut slgmflc&nt error. Hence, the Hnear free surface

houndavy eondition can be expressed as &y
-13¢ 2
10 g :

" wheré n is the free surface e]evaﬂuh at- time t above. sti11 wa/ter line. -

1 Under these conditions the velocity ‘potential of the incident wave

o

v1‘ may be written as SV A .
s Ta cosh kih +2) Sk -'#1 : e
% %90 7 cosh KA © 2 )

dnd transformed to polar coordinates-r and 0 as;—

< g oo kbt 2) oosikr cos.0) + 1 sinlkrcos_o)le” " @

Equatiok# is-obtained under the assumption that thy particlg kine-

‘mavtlcs? 1‘s not &ffected by ‘me. presence of .an object in a wave' field..

Hawever, Jf thy effect of - the. presence of an object on- the pnrticle‘

kiqemtl s. is to be considered, the 'Hryen‘v: diffraction theory can be
used. " Athough Afry's wave. theory could beused forsmaller 2a/x

‘.ratios for design purposes, the use of linear diffraction theory for. 7.7




) i = U cos nelH - (kre” "”"] ¢ (5a) ’
Ve i A ‘

re;uectively, ahd Hy 15 the Hankel“function of ‘first ind.

: e % -
“,'-f‘[am'“;l-

estimating the hydrodynaiv\!c fluid loading on indﬁ\idua\ ‘vertical
¢ g i

« \ N
cylinders*cou'ld be a more cumplete ana]ysis“than Mry's wave -theory.

“The diffra’tinn _theory requires ‘that the tota;l potential ¢ can.be

expressed as me summation’ of- fncident wave #; \and. the ‘reflected. unvé

Cptential gy 2 i

Assuming that the ref'lected waves' move. outward wn:h respect to. the '

cylinder, the velocity potema] for the reﬂected wave, "r; can he}‘ s

written as, N e 2 B

€08 ne[J"(i(r) {_iv (kr)]e""’t E “(5)

where: 3., ¥, ‘are the Bessel functions ‘of the: first and second kind

It-is implied here that the reflected wave potential saéisﬁes the,
radiation houndnry condition as expressed by

Tim

. The total velocity:potential satlsfying eqn.(1) ‘and’ the. boundary
cundiuons can be wrltten nfter MacCamy and Fuchs (1954) as, e

gﬂas_h._t}(.lﬂﬂ:_ﬂ [ylkr) + 2 z A" Ckr)cos nad &8

o




“1t should be mentioned here that 'sm,om MacCany -and Fuchs tave |, L N
~employed Hankel function of the second kind in their-work for .
describing the reflected wave, Sp‘ring/(1973) has pointed out that !
Hankel fu‘nc.tlon of the first kind only. déscribes the outgoing wave - P
whereas ‘the Hankel function of the second Kind describes mg_!m:nmlng.
n}‘e. Since, the scattered wav; should be'nucg‘umg rather than
incoming, the Hankel function of first kind is used here. :
The coefficient A, is determined by setting the particle velocity | &

normal to the cylinder, %. equal to zero at r = a, where a is the ~

:ynnuer radius. $ b :

e %cash k(h+z) * ol e (k) T & § [0 \
: (kh) S, e

i "9, (ka) s :
cosh k(h+z) .n ‘n %
'?"——sn-r‘ T 8 !

Slhsﬂwt'ng (1) into (6), the total veumy potentlal is . / ‘

,\ R e o ﬂ#g{l_’ k) ~ mﬂo(kr\ o i
G e B 3, k) 3 o
= 2."51 70 (k) -AW H (kr)]. cos ne} = ]

“uhere n=1,2,3..., and 3, *4ka) and K ' (ka) denote the derivatives ‘at
“r=aof g (kr) and W (kr) respectively. The particle.velocity n the , )
i hor{zontﬂ ﬂ|rEctinn s given by y, = cos o .al 51" sing ? . (?)

Using the above described method, ﬁve particle kinematics on each of
, the vertical mars in the mode] were detemned.




z I Eguaﬂon of Motion:of. nged Tower.
* ot The” equai:ion of lmtion of a Comv'liant offshofe stmcture can be

defined a;

(10)"

Wx + Cx + K

Where M s the effective muss, ¢ is the eqn'lunev;t viscous damplng

coefficient, K 15 the restoring caefficlent F is the exc!ﬁng fnrce -

\ and Xy x, x are the’ xﬂsplacement. veloclty }nq acce]erutlon vactqrs -

respect vely. e i

Hurizonta%wave furce's per uni,t‘ 'length of #red structurel.cai\ :

be calculated using Morisnn s equatinn (Mvrison et a'l., 1950),

B2
e Cupnllwluwl*c ptD

o)

An tems ‘are’ defined 1|| the nomenclut

- Equation-11- gives an estlmate of cne fluid luading ona structure
with its bnttm rigidly ﬂi(ed. For this cnse t‘he dlsplacement of the
cylinder is zero. Hence m‘calcuiqte the fluid loading on a structure
ubich has its own displacement, as in the caseof a.guyed ‘tower, the
relative mation hebneen the ﬁtewrtiﬂe and ﬂ|e structure must be :
“considered. © 2 4 5

T 1
The m1at1Vg horizontal water particle velocity u irld relative.

acceleration u are defined as,’ - . Bt

L




R

hhen‘e u, and u, are the horizontal component: cf;

¥ water particle

(1980)- a]‘\’d Sunder

~
ve!ucity and acce}erauon respectively.. Fish et.

and Connor (1981) have deﬂned the hydrnd_yna c loading per. unit 'Iength o B

of ﬂle vewtlcﬂ cylinder |n a cnmp'ﬂant structure s, SR

= CD %BNw ’—“x)lui

2 (13
n-l) 0 0% (u, L

"‘Equatiorn 13 ';nns{sﬁ eséent!'ﬂ'ly of three ferms. As in the case of ‘the

fixed vertical cylinder thé drag and inertia forces are considered .and; L

an add{ﬁonal term known as the Frnude-Krynv force ntroduced. “This,

part‘lcu]nr term is re'lated to the undisturbed ‘pressure fie1d armmd the:"

5 strycture. For the present analysis particle veTocities .a“d,




(18)

The valdes of effective mass, effective damping and stiffnéss for

the tower were: determined ‘experimentally as described in section 5 and

were used n the solution of the equation of motion of ‘the tower. The .

efficient a, stems from the relative veloci/ty term in{the equatlun of

- mbunn. Jn accounts _for ‘the drag lndhced byl the npuon

the
\

v ver,ﬂcal beams.

structuv‘e in the waves. g X

The ave Toad 4n {he sm‘cture is ue&mﬂné by istng-an Ly
S

equ1va]em: vertical beam. | In the case of Tong uaves, spat|a1 effects '~ 7

can be neg’lected and - a sing1e equiva]ent beam was used. Hwever, for
short wave lengths spatm varhnons can:be ereated using.a number nf
T)’m ﬂexura] properties of the tower can. agcura.te]y be'
i-ep_reser!ted' by'an equivalent beam as shm in ‘Figure 4. A{ single ;
tranélational  degree, of freedom {s-ysed at each noda} poin't. Vertical
d1splacements are re'lative’ly small ‘and can be neg]e;zed ;

an attached lateral spring k' Concentrated forces at the nad’es are

detenﬂined by calculating the distrihuted forces at’ the mid- poi nt,  top

| y

and tfottum of each equivalent element of length 2.

The tower was mdeﬂed as a multi- degree—of-freedum system because
the response of theatwer such as the deck offset :an be adequately & 13
descrihed by the first mde. '

2.2 Methiod of Solution

m‘n node has 2




L 2"1 b T TR,
At

a
(C¥AL) + ag

2
Wiy * "%-1

v
et "m £ 1) "141 e AR L S o
‘ e i T Z

1s nonlinear. Hence it was 8 1ved numerically using thé Crank-

mcn1san Finite difference algoritii. This Finite difference ‘scheme s

unlversa'l'ly stable has- the advantages of smaller truncation error

thym imﬂlclt or explicit Finite dlfference scheme.
/ //AP
| olution of équation 19. .

3\\ PROTOTYPE SCAL ING
N

ndix 2 explains the flow diagram of the solution pmczdure fnr the

The essenﬂa'l requlrements of -any made] are that ": vrwldes an
adequite /reuesen:at(on of the: destgn enviroment for-a pmﬁmar ;
structure, the loading on the structure and tne structure itself.

SimiTitude betweNntatype and model when the h;havio 1§kdom|nated

by the- action of the wavgs and the 1nertu of the body ‘gac‘ﬁ‘leved
lising Froude scaling. 3 : i e e

In order 90 scale from mde] to nntotype the 13)‘5\0? qynamic.
geometric and kinematic'similitude Mist be saﬂsﬁgﬂ. Dynamlc

s1mi1ar1t\y is, achieved by holding the. ratio of mg gravity for-ce

N
(-ssma dominant for free surface flow) to inertia forca constant.




rntutype Tength constant.as foﬂuws / : i

Geometric’ simtlartty lg‘nchieveé homng/ﬂ;e ratiu of moneNengm 0.

A g,

to prototype ve1nc1ty constant. From ‘the Froude 'v"e]at!onsthm&ve

n

From. ﬂiese relations]

* " Length scale L,

__ Velocity scale_ vv’ =AY, (24)
- A Ty ts)
Force. scale Foand 'F;," ) i g 26)

The cholce nf mode‘l scale depends malnly on"the wave tank

2 dmen;Ions‘ In any case, the scale factor must allow accurate
adjustment of such quantities’ as pretension in mooring 1ines, wave :
* heights and wave' periods ‘and ‘assume that mudel fnrce and motion 'Ieve]s'

: c‘;n be’ accurately measured and ecorded




¥
4, GUVLINE ANALYSIS
The 'catenary suffnesses ni mving systems of articulated w-m's

suppnrted by wHus from the sea bed are of critical iqwr;ance in
the design of compliant strilcturs such as the gwed tower. since they
greatly effm Hiewsesponse of . the stricfire, Rothwell (1979) has .-
presented n simple graphical approach to computing ‘the stiffness of a
cltanary u\l a pretnnsvonad or taut mooring line. In tMs anl]ysls fhe
sTopes *of al numer of nond!mnslnnal curves are ‘used to determine ;he

stﬂ‘fn:sses nf the free end mrlng 'I|nes.
|
neflmL a5 the Tength of cable fm\a.e :\um weigm to the -end

attached to the tower, £ >
WA oL E e BT T et

where w is the weight per llnit lgngth of the mooring line, v is the

vertical- distance of the point in the cable to be analyzed (In this

case the polnt at the tower) l!ld Tis ﬁn unsim in. the cable. The
angl: ¥ |nd6cat¢s _the angle beueen u.e tangent at the speetﬂed pqint

and the horizantal. - ‘Yhn unglg made by the catenary at the sea bed, Yoo

(28

‘A'o'g cos"l [ cas Y ]

ety fre o
mooring 1ine -tension

nnd $y respecuve'l_y are deﬂned as, A
LM i 2 (28

T cus‘!\/' 3 . R
A %
oY i . “(30)

1=




nnnysis ln the Tine K deHned as st 08 A__
; et § sec p + fan-y v “
L as T"('—t_w4 an g : L .(31)

The correspond{ng stlffnesses may be: deigm!ned as follows, -~

! s

(34"
F S : 7
2 X X d 1 3
"‘l“"xw”‘wv g (35)
The values' ny und nz .are the s1opes of tng cirves T. /wv versus. \"

= Ty/wv and Tx/inv versus (ul-L/v) +1 -C1ear1y 1t can be’ seén that the’

_6able stiffnesses are directly relatéd to ‘the weight per: unit length,

. %R e A SR R ’
.. 5. EXPERIMENTAL PRDCEDURE & . 'd "
- 3
A model of a guyed tower structure ‘Shown h\ Fig. 5, vas'
5 “canstrucced of polyvinyl chloride tubing. The tcwer is. of no.

parﬂcu‘ar deslgv‘u l{yt a Froude 'scale of 1/60 would. represent a

" prntotypg structure with'a height af one hundred and twenty- meters,
whlch s, supparted by éight’ quy wh‘es in ninety meters of water. The

physical propert(es of the tower and mooring system are given in Table -

The. va’lue of ‘w (weight per length of cab1e) was simuuted by having
: lead ueiqhts in the' 'Ilnes which.vere wade of 2 mm braided wire: C'Iump

et stin
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. This d|s|:r;epanc;1es can I’)e‘ partially due to a higher value of added

mass’ coefficient than. the assumed value in the higher range of
Keu?egun-‘tarpenter numbers. Iﬁdditlon to this,” the model mount: -

-
"~ alyhough assuneit to have négligible stiffness and dnmp'ng
naracterisﬂ:s. did (nl fact affect the tower respoﬂse. Fig. 8 shows

he measured tensions 1n o' selected cables. The mooring Tine

. charact.erisucs nf - typical guyline are “in-Fig. 11." These curves were

qenerat.ed by -use* of the cwnputer program "MDDRXNG LINE ANALVSIS" fuur\d
in Appendix 1. characteﬁsﬂcs shwn»(n these curves are those %, |

‘pertaining to the"s’en:tlon of lmoring line between-the clufip.weight and

the tower {tself for tension cond{tions froh pretension 14.3L N to

26,05 N'the tensfon corresponding 1ifting of the fivst clump

weignt. Observation of Fig..8 and Fig. 11 shows ,snm«d(?ugreemept in e
the response of the moorfng Tine., , : .
This disagreement in resilts is due to.the n\aggitude “of e
‘pretension in the mooring lines and the distribution of the weighfs
within the Tine itself. The rion=]inear characteristic of 4 mooring -
ijne 111ustrated in Fig. 11'4s due to the  catenary of - the 14ne, however
;s’ the catenary approaches a stru}ght Tine ‘frnm the _clumped wej ht‘m
the point of connection onihe: Tl nooring systen apprbaches g
H‘near one. Under these conditions any cha;me'm the deck|offset will
IS resun 1in a_constant change in the Tine tenslnn until the clumped
we1ght Tifts off. This behayiour fs also {1lustrated in Fig. 7 where

the total restoring coefficient fs Tnear until the wefght 1fts off.
Therefore the m{mrlng Tine was not properly modelled:for any’ particular




)

protatype since .the weights were not placed in the 1iné to simu\au the
correct cutennry shape. W S i 4

L,
‘l as: may be inferred. from the scaHng factors in section 3, the

veight ger unit length of: 5.1 W/ of ‘the model cable, when.scaled to

protol:ype conditions wnuld not be realistic. Nwever these, condlt{nns

. may be qualified somewhat by the fact_that the primary mjemve isito
. co%wre tws methods of analysis of a stricture response Tieta physical

o Mde'l with an, ana1yt1ca]~mdeh Also the mooring 1ine stiffness and

subsequently the resonant frequency conditions of the tnuer can be

L4 manlnulated by the Dretension and weight per unit length- of the mnoring

Hne. It was of pav‘t‘lcular 1nterest that the resonant. condit!nns fa]'l G
within the frequency range. Tinitations -of the wave qenerator.
Traditionally. these stiffness characteristics have been simulated

¢ Ei 2
using a system of springs munted*in‘air and attached to the model at

. the proper point to simulate conditions realized by the structure as a
"mooring system. - This rethod mdy pose questions as to' the accuracy of .

the' stmulation of effects on the structure due to the hydradynamic

loading on the cables themselves.

7 sunmmv AND CONCLUSIONS £
A computer’ midel. for the analysis of ‘a guyed tower has been -
developed isirig a modified forn of Morison's equation for' the

|

“calculation of flufd-Toadingand resulting motion response of the

structure. 'The equation of motion for the' deck’ offset was set up by

representing the tower as an equivalent beam and a Crank-Nicholson.:

finite-differegce: g o 8 Pt




i e A vl‘7

a1ogr|thn was emp'loyed to snlve "the * equaﬂoh. This particuhv‘;methbd
 has ‘shown tu be an adzquate means of snhn:(olf whére there ‘are non—
/’ Tinear effects such as those Intmduced by the re)ative motion nf the
istntc:ure, since it.does not-impose restr‘lctlons on_the time step.

A physica‘l nnﬁe! of a. guyed tower has been \:onstructed

instrumentated and tested for mtion‘response in.a range of regulur .

: wave. frequencigs,, Tne mndel was. supported by eight quyli nes 1he &
sciffnesk churacter!stics of which have also b»en investigated und
presented. The results of these tests have’ been compared .to the

+-computer models and gond ugreement\was found. L f ‘- Bew 5

e consumng e errors. that may have resultedfron scaling
effects. it can be com.‘\uded that the msu\ts obtained frum the model
tests could be used in the "desigh and ana’lysis of “the guyed tower

: " structure. Apart{rnm a direct comparison with prototype information

. - itself, which has obvious economic ‘restrictions, tbe scaled ‘model test

o is a suitable means of obtaining ﬁant{tatlvé results concerning the

N response of the guyed towev pmv(ded the statlstics of a1'| anticipated

extremes are appHed., ? S - !
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FIG.3. REGULAR WAVE IN WAVE TANK
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TABLE 2 -~ MODEL - WAVE ‘CONDITIONS ‘AND DECK:OFFSET

Wave " Wave Deck Wave * Wave - Deck
Period Height - Offset Period 4. Height' - Offset -
(sec) i (cm) cm) . (sec) k| (cm? K (cm) ==
0.67 11.42 0.91 2.00 7.52 . 1.21
& 9 0.76 = 9,51 ; 1.83
7.54 0.55 ) 12.62 2.91
4.98; 0.40 K 14.41%¢ 4.39
2 2 2.50 -+, 5.60: 1.11
0.71 14.56 1.19 s 7.48 2,32
12:30 ~0.98. b 9.51 4.00
> 10.34 .0.79 10.30 7.03
7.11, 0.55 Sr :
: 2.80 .z 17.12.
12.52 2:25. % 19.56 < 10.73
9.71 1.1 2 9019° 12 4.89
T 6.96 1.25 7 6.33. 3:48
T 317 Y 0.63 ¢ oY S
1.00 15.31 10.10°° 3.33 - 7 3.05
- 11098 6,71 2.07
% 7.52 27( 120,76
L 4.46 . 0.82 s 0.59
1.25 84.17 | 29,63 <" 4.00 .56 6.23 .,
" 50.62 +.19.74 e 15,53 ;.. 3.44
22.35 o 9.8l . 10.31 11.83
15,67, .7.62; 5.17 10:96:
1.67 12.52" o511 5,00, 25.30
< :.8.00 2.50 - » 17.16
:5,3L 0.79 - 11.93
3.9 " 0.66 L
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FOR #6310 | STEP -1
LET SI=((. S!VIRV)I'D!(CI.IV)-(WDM(WD
LET CI=50R(I-(51°2))

LET C2=C1/C1-(W1aV/)).

LET-52=50R(I-((2°2))

LET ATD=(T/QVIsVD)CY -

LET BOG=(T/(VIaVD)aS1

LET F=(1/CHSIZC1/C I/D’SZIU)
(=ATAL06(F)

LE

LE CO=(QDDs

LET R=ATHCS1/C1)2(188/3.1415)
PRINT ALNI;B0;COM;T;R;U
LET HO0=T © s

LET D00

LET =1

%BQEE

FIR X=63 10 | STEP -1
LET JALK

LET 50K

LET 111K 4
CALL DPUTCEE1,Q011,K1,1)

CALL DRUTCRLINOr1 K D)
NEXT K. ey

OMLDTLITANKYD

NN ; :
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1

3

EN IN THE TDE DOHAN
REN TUW,TVAH, A0 (QHO/V#1 R OGATED O DISC N FIE 1
FEH FECORDS 8,1,40 2 PESECTILY.
9 DI DIBA, G4
18- DN A1, 641 CT64]
e REATS TUAW, B IS YAV, AD.C IS (DM

el R 12 DI EC641, FIG41, 60661

13 IEY DA LUK QLTS IR FORIER DA X
R AT (R
: W@ S
T LET -2 ; :
8 LET Q=13 - e
% LETUSH S
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5
el
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350 PRINT "THIS IS A" 4
- 318 CALL DSPLY(EL1,0011,8,63,8)

5 R mmmrsmmn M0 C ON THE SYSTEN DESPLAY.

WP
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0 OO s 15
© 418~CALL DSPLYCFLID,011,0,83,8)
OB PME - i :
OO ' R
48 PR ey T ey
RIS ISC Yl we e
el uum\r(stu nmam) : i o
PAUE ik
: CALL WOTS - . &
s mmn:mmmmmvsmumm y :
48 CALL DWRITCELIT,012,0,64,1) g
4 CALL DIRITCETITACIL, 1,64;1)
%0 CALL DRITGEITOCIT264D
$8° LET M=BI63HBT1R/GLS3I-ALIED
53 mmam—mm/mm—mm_———c
CACULATE STIFRIENES.

J

S PRINT T
% PRDB"IITXIIIJ",S'D“/W"S! ES

> DIUOV,* DTV/V,* T R
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e CALCULATE
X “M,C,K FOR
EACH ELEMENT

-CALCULATE WATER PARTICLE
KINEMATICS u,,,.u,,,

Cl\LCULATE FLUID LOADING
AT ‘EACH DEPTH.
ESTIMATE NODAL FORCE, P
BY- SIMPSON'S. RULE

T

: ASSUME: INITIAL
- ‘DISPLACEMENTS FOR ALL
.NODES X

£
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C . NM NUMBER OF PRISMATIC BEAM ELEMENTS. - % L
€ | NP NUMBER OF DEGREES OF FREEDOM. 8
¢, C = DAMPING,COEFFICIENT OF ELEMENTS - : 3
c S'= DAMPING COEFFICIENT OF ELEMENTS. e
Cc SMASS = MASS OF. _ELEMENTSg

cy EL = WAVE LENGTH. . 3

c SWL =" STILL WATER DEPTH.

¢ PER =- WAVE. PERTOD.

£ HT- = WAVE. HEIGHT

c CD = DRAG COEFFICIENT

[ CM = MASS COEFFICIENT

c DIA = DIAMETER OF VERTICAL MEMBERS.

€' . VZ = PARTICLE VELOCITY IN VERTICAL DIRECTION
c

c

c

c

3

c

c

c

-

¢

c

Uz PARTICLE VELOCITY IN HORIZONTAL DIRECTIBN. :
UDZ = PARTICLE ACCELERATION IN HORTZONTAL DIRECTION '
‘VDZ = PﬂRTICLé: ACCELERATION :IN -HOVERTICAL DIRECTION. I
..CEL: =" WAVE VELOCITY. g
DISP.= DISPLACEMENT OF ELENENT‘
TOWHT = HEIGHT OF TOWER;
URMS '='RMS VELOCITY OF UZ. L4 * =
MASS' OF THE TOWER.: DAMPING COEFFICUT,_OF F_THE-TOMER * "AND.
THE STIFFNESS CDEFFICIENLDF/[HE TOWER WERE OBTAINED" »
EXPERIMENTALLY AND" WERE' USED SUBSEQUENTLY. FDR THE BEAH :

ANALYSI'S/Of THE TOWER. o R > F
¢ COMMON. -/ 'FORNOD / FXNUD(SJ AHASS(ﬁ) S(S) C(S) N s 4
' e COMPLEX CTME, CI, CPR, SUMB,HOTD, HNTDETAD, 6BE " ' ¥
COMMON / EXTC! / DT,SIZEPR, STEP,DES, TRT k
? .. . COMMON / DISPLA 7 DISP<9),DISPNCS),DISPNPCD, DISPNMC8)
i 4 COMMON/ CMPL1" / CTME,CI,CPR,SUMB, HOTD, HNTD; ETAD ?
‘ 1 COMMON/ CHAR1 .- /T1,T2,T3,T4,7T5,T6,77,T8,T8, T1T,Y11,T12
i £ q -+ COMMON/* CHAR2 /PER, SWL, HT, AMP, EL, EX, WNO, WFR, PI, TIME, ETA G,LU
y iy : SIGM,PHBL,CEL, PHBLCL
CmMON? CHARS /SHT1.CHT1,SHT2, CHT2, SHTS. CHT3. ST4.CT4, SH2T2, kB
. ¥ i . CH2T2, THT2,$H4PT2, C2T4, S2T4, SH3PT2,CH2TS, SH2T3 g
- CDMMDN/ FAC’TDR /RHO, ANO, ED,CM DIA,FACT!,FACT2, AM2FR2, RHOS, :
WL ".. URMS, RENO
CUNNDN/ FORCE! /UFSUM, UMSUM, AFSUM, AHSUH‘ EZZ e
COMMON/ A{ /FORCEC!0@),MOMENTC100), VZ(SB) VDZ(SB) UZz¢59), UDZ(SB)
i COMMON/ A2 /ELEV(108),PRESC508)
< “COMMON / INCONI- '/ NZ,NZME,NZM,KK,NTH, NP
.- .COMMON."/ FORCE /PX,PY,0X,QY,DELX;DELY, 6BO,FBO, EDJZ BOVZ ATAL
COMMON. 7 CHAR4 / ‘AMPRES (2@, FBE(6), EﬂECE).FX(SB) FY(58), FXZCE0)
COMMON/ BESS1" / BJJ,BYY,B2J,B2Y,B1J;BIY,8Z,FZ, FXX, FYY

) .




1oe2

N o aw N

1003
1204
1005
1986
1007
2001
2002

73000

5

6

~ :

x

DATA IR,JW / 5.6 /.

FORMAT C//! WATER DEPTH = /,618.8/ ¥
* WAVE PERIOD ='/,618.8/ £
¢ UAVE LENGTH = 4,810.38/ ?
“ 'WAVE HEIGHT = ¢,61B.3/
 WAVE NUMBER = /,610.3/ >
. NAV‘E FRAONCY . = ‘,GIB‘AS/
¢ CYLI SIZEPR = ,610.3/
‘- WAVE STEEPN = /,818.3//>
2 FDRHAT‘(' SHALLOW WATER WAVE "SWL/EL® = ,812,4>
 FORMAT C‘ DEEP WATER WAVE "SWL/EL® = mz 4
FORMAT ‘¢ TRANSITIONAL, WAVE, *SHL/EL* = ¢, 612.4)
FORMAT C//C6X. 12618.33)" ’
~ 'FORMAT ¢//¢3X,10610,3>)
FORMAT (BE1®. 3) :
FORMAT C16I5) .
FORMAT C4614,3) i - ,
READ 8,5 NP,NM,NPS ' ‘1o - 4
"FORMAT ¢3IS>- s #
READ (5,63 ¢SCI),I=i, NPS) . 4
FORMAT (8F10.8) "

READ (5,60 CAMASSCD), I=1,NPS)
<READ (5, 6)CCCI, T=1,NM)
* WRITE. ¢6,11>
FORMAT C//¢ -'ﬁ-lE\;ifFIFFNfSS oF mms’§/>
WRITE €6, 12) CI,SCI), I=1,NPS>
FORMAT - /7, S, I3,E16.83/>
WRITE €8,14)
FORMAT '¢//¢ DAMPING COEFFICIENT'//)
WRITE -¢B, 12> (I, c(x) I=1,NPS>
WRITE <6,135
FORMAT C// LUMPED MASSES’//>
WRITE (B, 12> CI, AMASSCI), I=1,NPS)
READ CIR, 2001 SHL,PER,HT, TONHT
+READ CIR,2002> NMEB,NP,NZ, NX,NTH
READ CIR,2081 G,RHO,CD;CH,DIA,AND . -
PI = 4.8ATANCI.®) : T
" ELLT = TOWHT/CNPS-1) Gl
FACT!. = CDWRHONDIA/2.
FACT2 = wmmp:-nnnunu.
WFR = 2,#PI/PER
SIGM = WFRww2./8 . S
L0 = GWPERWPER/2./PL - ik L%

. 2 o .




CALL WALGTH

WNO' = 2, WPI/EL
.SIZEPR. = WNOWDI/
.STEP, = HT/EL

DES = suL/EL
AMR = HT/2.

- DT = PER/NP

© TIME = ~DT—
“.PHB = PINHT/EL

T2 iNOWSHL

©, SHT2 = SINHCT2)
_CHT2 = COSH(T2),
“CHZT2 = COSHC2.#T2) * -

SH4PT2 = SHIPT2WSHTZ -
THT2 = SHT2/CHT2 !
m = 5.42,#CH2T2+2 MCH2T2WCH2T2 o
= SORT(GHTHT2wC1 . wHameanx/
PPBLCL = PHBLACEL . . -
NZM = NZ-1: G
EZ2 & suL/uzn
AMEFR2 = RHDI»AHPNAHPNHFRWFR
“'RHOG RHONG
SR - 2 A .
PR G, RHOG-AHP/UHTZ
/ £t TFZ = GZ/RHOMFR: .
- DISHXN =-8.
" DISHXL = 8.
D027 41,0 -
DISPCI> = 0.
©“.DISPNCI> =9 |
* ‘DISPNPCIY = @,
DISPNHCIY = @,
'D0.100: IT=1,NP.
CUTIME = TIMESDT ¢
" CALLPARTIC I
MEL = NZME/NH
*DD. 60 IN=1,NM
T, T DRNELH
. IF..CIM.EQ, 10R. TH. EQ;NM3: 6070 51
M2 = TTHaHEL 5

\ /SIMPYZ)/HNO)

!




2 ; ) 4 &
<
s0TO'62. ., G
.81 . | IT2 = IT1+MEL/2 :
52" . CONTINUE: s \ S o at
AL22 = cm:-mo-nn-mw ELLT 5
AL4G = ALZBWWFR *i \ ’

AL3® --CD‘IRHODDIAHELLT o
Cc2K2 = C(IM)“C(IH)«HFR»\IFR
N = AL2OWAFRMS+AL'SBHURMS -
'SMFR2 = S(IM)-ANASS(IH)&HFHA-HFR e
"AFACT® = ~AL3ONURMSHC1 . -SHFRZ*SFR/(SHFRZ!SHFR’BM))/
SORT (CZH‘Z)'AL“NURMSNSHFRZ/(SMFRZhWRZrC?HZ)
. BFACTO. = CAL38M! R2+AL. lcuuc»/(SH’RZ»SMFRZ
L& «C2u2) *
pISPCIM) - AFACTB&COS(HFR"TIHE)-PBF‘ACTB" IN(HFRITIHE)
DISPB = DISPCIM) g
NSPNP(IH) = DISPCIMY
CALL SUMZmT CITI IT2,IM - -

-, > EPS = @.e01 ;
56.. CONTINUE .°
S ANUY = Amscm/n'rmmcmuz /p-hsam/z 1AL35»<DIS?NP<IH> 5
‘s ~2.wDISPNMCINI)/4./DT/DT =
CANUR = mmcmwm/w-ccmwz /m—u.sa-o:sm l)/4.(DT/DT
osCd/2. - 5 s
‘DISPNPCIM) = 1 /muucnmocm;-owuunaac-z #AMASSCIMD/DT/DT) ',
DISPNMCIM)#ANUZ) = : :

 DIF ‘= ABSCDISPNPCIM)-DISPBD b Al
“IF CDIF.LE.EPS) GOTO 59 . 3 :
"'DISPB = DISPNPCIN)

60TO 58 z w0, oo Tl s i
58, = CONTINUE - e g
8@ - CONTINUE. 'y

DO 63 TH=1.NM % Py T Sty
DISPNCIM) = DISPNPCIM) ' ' CEEE i . s
s DISPNMCIM) ‘= DISPNCIM) Syl . Fashgip S i

rcp:wcm E/DISHXNY 60TO /es
DISMXN = DISPNPCNM): o
CONTINUE

IF, CDISPCNM) LE,DISMXL) EOTO Q
DISMXL, = DISPCNNJ

S i WRITE (8.8660) DISHXL,DW)FER,HT
CONTINUE




oy mMPLEx CTME,CI,CFR, SJMB HOTD, HNTD ETAD,GBE

1 :
: | COMMON/ FAcTOR IRHO AN, CD, CM,DIA, FAC“ FACT2, AMZFRZ,RHOG.

Y74 "= WNOMEX-WFRWTIME i

28§ CONTINUE

.> RENO = URHS'DIA/W :
. AFRMS W(sw.«b» 5
ELEVCITY = ETA i

_lm_sa‘~ ;

g

SUBRDUTINE PARTIC Cl'l‘ sYR

"COMMON ./ EXTC! ./ DT,SIZEPR,STEP, DES, TRT Il

COMMON/® CMPL:1 /. CTHE, CT, CPR, SUMB, HOTD, HNTD, ETAD " '

| COMMON/ CHAR{ /T1,T2,73,T4.75,76,77,T6;T0, TIT. ¥11,T12 :

COMMON/- CHAR2  /PER, SWL, HT, AMP, EL, EX, WNO, WFR, P, TIME, ETA, 6,L.0;

; STGM, PHBL, CEL,PHBLCL,

" COMMON/ CHARS /SHT1,CHT1, SHTZ, CHT2, SHT3, CHTa, ST4,CT4, SH2T2,
CHZT2, JHT2, SH4PT2, C2T4, S2T4, SHSPT2, CH2T3, SH2T3

i

% JURMS, R

COMMON/ FORCE! | /UFSUM, UNSUM, AFSUM; AMSUM, EZ2 ¢

COMMON/ At /FORCEC180),MONENTC108),VZ¢E8D, vuz<sa> uzcsm Upzcse>

COMMON/ A2 /ELEVC188),PRES(S8) o

COMMON / INCON1 -/ ‘NZ,NZME,NZM,KK,NTH, NP :

COMMON '/, FORCE / PR,PY, X, Y, DELX, DELY, 6B, FBO, B0J2, BOY2, ATAL

:'COMMON / CHAR4 / AMPRES (203, FBEC8), 6BECG), FXC5@), FY(50), FXZ(50>

_COMMON/ BESS! /. BJJ,BYY.B2d,B2Y,B1J,B1Y, ez,n,rxx,r-'vv

DATA 'IR;W/'6,6./ ! . i o

DLT = 8.82 .

ST4. = SINCT4) i < 5 R b
CT4 = TOSCT4> e B e e o
VC2T4'= COSC2,4T4) . i % 2
$2T4 = SINC2.wT4) £

IF.CHT/EL.LT.@.20E-81> 60T 28 :
JETA = AMPNCT4+PHBLWHTHC2 +cuz1z>-cu'rzuczn/&-|smz/s e ey
‘coT0 29 . ‘ ;

ETA = = AMP#ST4:

URMS = SORT(UFSUH)/(SHL#ETA)

: PHANG =¢ HNODEX—HFR.TIHE)'SOB /2 /PI 3
.FORMAT. (IZEH 3)
RETURN




JUFSUM = B,

\SUBROUYINE WALGTH

COMMON/. CHAR2 /PER SHL., HT, AP EL EX, WNO, WFR,PL, TINE, ETA, 8,L0,
; . SIGM,PHBL.CEL,PHBLCL
CALCULATE WAVE LENGTH
TE = WFRWH HSHL/G
ST2 = Tiww2,
T4 .= T2ww2] Sl #
TS = TATY L 2 *
" RTERM = 1./¢1 40, sszz»‘ma 48‘22&'!'2-»3 08B4KT4+0: BB?S&TS)
+ ALTERM @ 1./CTI4RTERM) ‘
CEL2 = GHSWLWALTERM 5
TRIK, = SQRTCHFR#w2, /cn.z: s, i ed
EL = 2,WPI/TRIK :
+ CEL = SORTCCELZ)™ 4 ot
RETURN : [ Xt :
END : ¢
SUBROUTINE' WKNLNR' *
- COMMON/ M. /FORCEC108) , HOKENTC 180D, vzcse), vozese), uzcsoy, uuz:sn
'COMMON/ A2 /ELEVC100), PRESCS@)
COMMON/ . CHARY /T1,T2, 73,74, T5, 16, T7,78,T8, TIT, Y11, Ti2 °
2 COMHON/. CHARZ /PER, SHL. HT, AMP, EL, EX, UNO, WFR, I, TIE, ETA, s,Lo,
STGH,PHBL,CEL, PHBLCL .. . ...
connow CHARS /SHT!, CHT1,SHT2, CHT2, SHTS, CHT3, 574, m,suz’rz
CH2T2, THT2, SHAPT2, C2T4, S2T4, SHSPT2, CH2T8, SH2TS
cunnnw FACTOR /RHO, ANO, CD, CM, DIA, FACT1, FACTZ, Anzrkz,mos,
URMS, RENO
COMMON/ .FORCE|* /UFSUM,, UNSUM, AFSUM, AMSUM, EZ2
COMMON / INGON1'./ NZ,NZME,NZM, KK, NTH, NP :
"*DATA IR, /-5;6./ .
PA'='0. e e

umsUM = @, = L A
AFSUM =70, G i
AMSUM.= @ o RO e
DD 58 IZ=1,NZHE - e < 2
IFCIZ.EQ.1> 6070,50 -
EZ = FLUAT(KK-IZ)'SVL/NZH
6070525 1=
"CONTINUE
EZ = ETA
CONTINUE
EZ1! = ABSCEZ>
T8 =/HNOWCSULH+EZD

i aiad




53

54

7 1007

* UDZ(IZ) = -AMPWHFRwWFRWCHT3nCT4/SHT2

‘FORMAT C5X,10810.8>  « -''-

46 .
CHT3 = COSHCTS) I )
SHTS = SINHCT3) % !
CH2TS = COSHC2.wT3> F o
-"SHBTS ‘= SINHC2.WT3)  © ) ;
'IFCHT/EL.LT.D.25E-81> GOTO 53 .- . -

UZ(IZ> = PHBLCLWCHT3#CT4/SHT2+0. 75lPHBLIPPBLCL~CH2T3hCZT4/&MPT2

-VZ(IZ) = PHBLCLWSHTSST4/SHT2+0 ., 75WPHBLCLWPHBLHSH2TINS2T4/SH4PT2

1UDZCIZ) "= PHBLCLWWFRWCHT3#ST4/SHT2+1 . SnPHBLnPHBLCLO'HFRnCHZTS”
S2T4/SH4PT2

VDZCIZ) = —P)‘BLEL"HFRPSHTB”KTA/SMW-I SHPHBLCL#PHBL #WFRSH2T3%
C2T4/SH4PT2

PRES(IZ) = PA-RHOG®EZ-AM2FR2#SHT3/2, /SHT2+RHOG~AMF“CNT8&CT4/CHT2»

+AM2FR2#(3 . wCH2T3/SHT2/SHT2~1 . JC2T4/4 . /SHT2/SHT2
GOTO 54 ) .
CONTINUE

+UZCIZD = AMPWNFRWCHT3#ST4/SHT2: g2

VZCIZ) = -AMPWWFRWSHTSWCT4/SHTZ - C

VDZCIZ) = ~AMPWWFRWWFRWSHTINST4/HT2 ' ¢
PRESCIZ) = Pmmwsnczrmcrm/cmz-m -

- CONTINUE - ) » e
** CONTINUE : . P

RETURN

END ’ J

SUBROUTINE SUMINT CIT1,IT2;IHD DAETRL
COMMON ™/ FORNOD. / FXNODCS), AHASSC9), $¢8),CC8) - * 3
COMMON/ FORCE!" /UFSUM,UMSUM, AFSUM, AMSUM, EZ2

COMMON/ A1 /FORCEC1 @8>, MOMENTC 1883, VZ(E85, VDZ(50), uzcsa) unzcsa>
“COMMON. / INCON! / NZ,NZME, NZM, KK, NTH, NP

, COMMON / FACTOR / RHO, ANO, CD, CM, DIA, FACT1, FAcrz,Anerz,RHus,

. % URMS,RENO A ot
DO 68 IZ=1,NZME,2 3 * A :

Y10 = ABSCUZCIZIWUZCIZY)

Y11= ABSCUZCIZHOWUZCIZ# 1) ,

‘nz = ABSCUZCTZ42>RUZCIZ42)) Loy -
= FLOATCNZME-TZOWEZ2 S

8| = FLOATCNZME-IZ-1)%EZ2 : 3

52.m FLOATCNZME-TZ-2IWEZ2 : i v =

Y13 = ABSCUDZCIZ>

Y14 = ABSCUDZCIZ#13D

" Y. = ABSCUDZCIZ823)." : R

UFSUM = UFSUMSEZONCY10+4, Y11 +Y120/8. . 5 - s

i




st

‘32

93

,37

68

"L IFCETAILT.0.8) GO0 35
L= d |

" T

a7 s

o

UMSUM. = UNSiJH*ﬂén(YlBISOMANY|l"‘SHVIZhSZ)/’S. v
AFSUM = AFSUM+EZ2#(Y13+4. Y 144Y153/3.
AMSUM = AMSUM+EZ2wCY {3uS0+4 . nVMnSHViS“SZ)/S -

CONTINUE

FXNUD(II‘D - FAFTINUFSUH*FAET?*AFSJH

‘RETURN - ; 4
SUBROUTINE FIXER ! 19 g

v‘ COMMON/ CHAR! /T1,72,783,T4,7S,T6, T7,T€,T9 TIT, YU, T12

wMHDNI CHAR2 /PER, SWL,HT, AMP;EL, EX,WNO, WFR,PI, TIME, ETA,G, LD,-
. ' SIGM,PHBL,CEL,PHBLCL

: :comou/ CHAR:! /SHT1, CHT1, SHT2,CHT2,$HT3, CHTS, ST4,| CT4 5H2T2, .

CH2T2, THT2, SH4PT2, C2T4, szT4.sH3PT2,cH2TS.SHZTS
P’MUN/INCONI /4 NZ, NZHENZHKK NTH,NP- 5
T1 = UNOMCSUL+ETAY i Y-
SHT1 = SINHCT1D
CHT{ = COSHCT1)
IFCETA.EQ.0.0 60T0 38

CONTINUE
IFCETA.LE. FLOATCIIWSHL/NZH> 60TO” 2,
I = Iel R P A
8070 38 ° e i K \
NZME = NZ+I' : 2 e :
KK = I+t
. GOTO 89 ;
NZME = NZ d o e
KK .= | SRy ey
e s : i
Imi -

IFCETA.LE. FLDAT(I)“SHL/NZH) GOTD 37
I =1+

‘6070 36 ;
NZME = NZ-T#i
KK =I7 °

RETURN

SUBROUTINE, WKNNON ¢ITY' o

DIMENSTON:FXF(18,28), FYFC18,20) - e
LEX CTME. CI. PR, SUMB, HOTD, HNTD, ETAD GBE, FRPRPH

e e




‘joes’

DO 72 Iza NZME : Ak

u)HﬂUN/ CMPLI / CTME. CLEPﬁ SUMB, HOTD, HNTD, ETAD g .
COMMON/ Al /FORCEC12@),MOMENT(188), VZCSB),VDZ(SG) UZ(SO) UDZCW)

_comaw A2 /ELEV(188,PRESC50)

'COMNON/ ‘BESS! ' / BJJ, BYY,B2J,B2Y, BIJ BIY,8Z, FZ FXX FVY

DIMENSION ZHC(S@>

COMNON / INCON{ / NZ,NZME, NZH,KK NTH;N NP :

COMNON/. CHARY /71,72, 73,74, 75,76, 77,78, T9, TIT. Y11, T12

COMMON/ CHARZ - /PER, SWL.HT, AMP,EL , EX, WNO, WFR, PI. TIME. ETA, 6.LO,
SIGM, PHBL, CEL,PHBLCL

COMMON/ CHAR3 /SHT1, CHTI,SHT2,CHT2, SHT3, CHT3, ST4, CT4 SH2T2,
CH2T2, THT2, SH4PT2, C2T4, S2T4, SH3PT2,CH2T3, SH2T3 |

CUMNUN/ FACTOR /RHO, ANO,CD, CM,DIA, FACT( FACT2,. ANZFRZ RHOG

e COﬁHUN "7 CHAR4 / AMPRES <28>,FBEC8),6BECB), FXCE8),FY(50), FXZC505. -

DATA IR, i / 5,6 / .
CTME = CMPLX €@.0, ~WFRWFIMED : -
CI = CMPLX(0:8,1.8> e ®
LINEAR DIFFRACTION THEGRY ! ;
ARG = WNOWDIA/2. '
TIMEPR = TIME/PER
AMOD! "= 1../SQRTC(BUJ-BRU w2, «avv-sznmz 3
AMOD2 = 1./SGRTCBIYnB1Y+B1JwB1J> -

~ANG! = WFRaTIME-ATANCCBJJ-B2J)/CBYY-B2Y>>

ANG2 = WFRWTIME-ATANCBIY/B1J)
FXX = 8. #AMOD1#COSCANG{)/PI/ARG 5
FYY = 8.#ANOD2wCOSCANG2)/PI/PI/ARG %"

~DO. 76 IB=|,NTH oy

TH = (IB-1)WPL/CNTH-1>

TH = PI-TH p

SUMB = CMPLX(®.8,8.8> . - "

DO 88 IBT=i,6 . S

SUMB = SUNB+CTwIBTWCOSCIBTwTH)/GBECIBT)

CONTINUE .
SUMB = 2.wSUMB 7 : i -

~HOTD = CMPLX €1.0,0. B)/BMPLX(-B!J —BiY}

ETAD. = HTnCE)P(CTHE)h(HOTD*-SUHB)/PI/ARB

TETA = (ETADODDM\JGCEI‘ADJ)/Z.

AMPRESCIB) = 2, wETA/HT s Y
TH = TH®180./PT ¢ p .
PHAN = 960.~TIMEWNFRW180./PT -
FORMAT 'C2X,F18. 1,5%5610., s,sx,etz 5,5X,F18.17
CALL FIXER




72

.75

76

o8

1208
‘1818
81

185

a9 : = <

IF €IZ.EQ.1) GOTO 62
EZ. = FLOAT' CKK-IZI#SWL/NZM

80TO 63 : i o
coNTINGE B Ly

EZ.= ETA Bt

CONTINUE

ZHCIZ) = EZ/SWL

EZ1 = ABSCEZ)

TS = WNOMCSUL4EZ) |

CHT3 = 'COSHCT3)

FYCTZ) - = FWI'PI“DIA'IRHO!\IFRDRHW/Z

FXCIZ) = 4. -mm.u'r-momuooscmmancmsmurz/unu

‘PRESCIZ) = EZ-CHTS-AHPRESCIB?
CONTINUE

IF CIB.GT.1> GOTO se@ . |
SUMFO = @.
DO 76 ITX=2,NZME

'FXFOCE = CFXCITXO+FXCITX=13>/2.
' -ABSZHT = CABSCZHCITX)/2. *ABSCZH(ITX-I))/Z )ISHL

SUMFO = SUMFO+ XFOCEWABSZHT

“FXTOT = 4. NRHDEGHTRTHTZ.MODIIICDSCANGI)/HNU/HND

FORCECITS = FXTOT
FXFCIB,IZ> = -FXCIZ)
FYFCIB,IZ) = FYCID)
CONTINUE .

DO 93 Tz=t,NZHE # e iy ] B
- SUNF = B. . : s %

SUME. = . : by 3
DO 808 IB=1,NTH- . ——
SUME = SUME+FYFCIB,IZ) g
SUMF = SUMF+FXF (I8, 12>

FXCIZ) = SUMF ; iy
FYCIzy = SUME T u . i

. FORMAT ¢//,2X,3F10.2,//,(1@C1X,618.3)))

FORMAT 'C//,2X,3F10.3, //(8(2X,618.3>
CONTINUE
WRITE UM, 185D

% VFORHAT (/’ NMLINEAR DIFFMCTIDN RANEE / PRUGRAH NoT SUPPLJ’.'ED’/




R}

50

COMPLEX CTME, CI, CPR, SUMB, HOTD, HNTD, ETAD, GBE ¥
COMMON/ CMPLI / CTHE,CI,CPR. SUMB,HOTD,HNTD,ETAD. *
COMMON/ BESS| / BJJ,BYY;B2J.B2Y,B1,BIY,6Z;FZEXX,FYY .= -
S _.CONHON / R4 /. AHPRES(ZE) FBE(G) BBE(B), FXC(50), FY(SB) FXZ(.}
DATA IR,JW 4

DO V4 IBT=1,6
IBTMi = IBT-I

- CALL BESJ ‘CARG, IBTPY,Bu2,8.81, TERD

CALL: BESY' CARG,IBTP1,BY2,IER) }
_CALL BESJ CARG,IBTM1,BJ1,0.81,IERY " "' |
- [CALL."BESY CARG, IBTM{,BY1,IER) :

“IF CIBT.NE.2)/60T0 72. ° 3
Bid = BJI Vg e
BIY =BY1 . : i
so'ru 7 ‘

b cm NE.1> 8010 73"
“BYY = BY1 A

B2Y = BY2 s n 517

CONTINUE T

GBECIBT) = ':HPLX cma»a.:z:»/z ~tBY1-BY2>/2. 5% ;
CONTINUE | e B0 )
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