CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission)







asg llmv

,«gmc«u

& w©88

5 NV
prvist @ ¥
>







Y N 5 ’ T
v L 5 . e e
CANADIAN THESES ON MICROFICHE o N
. vy D47 ASBN o
" THESES CANADIENNES SUR MICROFICHE - T :
) ®
l* Nalmdlefaly Bibliothéque nationale du Canada Co A ! )
% . Colitctions Development Branch ‘n.-m.nnnu développement dcs collections | wha et
. Canadian Theses on Servics des théses canadienings
Micrafiché Service* | sur microfiche
Ouawa, Canada. T
L GKIAONG . o e s T . e i .
; : e .
- . . NOTICE ) CLe A AVIS
The'quality: ef this: microfiche’ is heavily dependent - La qualité ds cette microfiche dépend grandemont de

_ upon " the quality of -the original thesis submittéd for -
microfilming:.. Every effort has:peen made to ensure
the highest aulity ofreproduction posible.

I .pages’ are" mising, conitact the ‘university whn:h
gramed the degree. , T il
~‘ me ‘pages: may  have |nd|slvnc( print especially *
if-the original ‘pages were typed with a poor typewriter
ribbon or r if the university ‘sent us @ pw phowwﬂv

* breviously copyrighted materials Sjournal” artctes
; pubiihen tést, e ) are ot fime

Reproduction in full % in part of this film is gov-
emed by the Canadian Copyright Act, RS.C. 1970;
. C-30." Please read the authorlzanun forms which, -
accompany ths thesis” R

L THIS'DISSERTATION .
HAS BEEN MICROFILMED
- EXACTLY ‘AS RECEIVED -

LNL-339 (v, 62/08)

" la qualité' dé'la thése soumise au.microfilmage. Nous
avons' tout fait ‘pour assurer: une qualné supérieure

de reproduction.

n»A‘su manque des pages, - vesiliez commnnlquw

Bl Funiversité qui aconféré e grade.

“la qualité dlmpressmn de certaines phges peut
er,” surwul si les pages engvnal s ont été

sité nous. a fait p parvenu une photocopie del mauvaise _
quahle . .

Les documents qui font deja I'objet d'un droit
d'auteur- (articles de revue, examens publlés ew) ne -
sont pas microfilmés. ;

La. reproduction, méme partielle; de ce microfilm
est” soumise a-1a_Loi canadienne sur le droit
'SRC'1970, o. C-30. Veuillez prendre connaissance des
1mmulas d aumnsalml\ qui ac:umpagnent cette thése.

LA THESE AETE
MICROFILMEE TELLE QUE
.’ "NOUS.'AVONS ‘RECUE




o

L4 VBFPECR' OF THE LOSS OF TETHER STIFFNESS : '

o - ON THE BEHAVIOR OF A  TENSION LEG’ PLATFORM .

g Ry e "By
"+ 7 © Nitindra R. Joglekar; B.Tech. (Hons)

. 5 % ' Vg O
. 1 e N ¥
: - 4 " : !
* ‘A ’l‘heuia submitted to the Schcol of Graduat.e Studies ’
L o ; in.partial fuliillment of the requizementu s . 3

& . for the degtee of

Magter “of P,ngineering

‘Faculty of Engineering and Applied Science’

Memorial University of Newfoundland

. = Atguet} 1964 . o R
F - > i .

: E R B o 8 . oo £
- 'St. John! (. Newfoundland ~ - © ¥ .canada




‘affected by the lateral cable dynamics.
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o . ABSTRACT B -
~

- A numerical model * for the 'hydrodynamic analysia of

a Tenuien Leg Platform has bean mplemented using strip

" gheory. A computer algorithm has been developed using beam

“elements fcr a large ‘aisplacement nonlinear analysis ‘of ‘the "
cable. natwork. . . .

~A parametric ‘study of thn platform motlon response

_ and terision variations has been made for cases.of 1oss in the
cable stifiness. It has been shown that if t!'le total tension

remains’ constant, the surge motion will not be }affec:ed but

the héive and pitch motions will be increaqed and tethier

tensions will vary significantly. ’l'he tether tensions are
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CHAPTER ' 1 T B

INTRODUCTION

1, 1 Background
) Dnumg o sit,

over. the past 40 years has mved'v

from land and near .- shure sltes to structuxeﬂ in water. Eepths

in excess of 1500 nvters, ind:

nto harsher env1ronments
= full of Huvea'.currents..win\‘l, _seaquakes and’ mehergs.'

v Central to this development, is the ‘design of an inexpennve,,_'

but: rehable facility, ~ from wh_ich 011_ extraction may

proceed.

" g In shallow waters, -the choice is genérally a

‘flxed platfotm whose fundamental period is well belos the

peak period of the ex:i:ihg sea-states. With t_he increase

. “ of watér depth, the structure's- natural perxoa increases and

gu g ‘it is susceptilile to resonance; resulting in large

¢
displacements. and stresses,.

The cost of fixed structires

,als0 ‘increases exponentiaily with the increase of water

" -depth.”

o In ‘order’ to ‘overcome these problens, compliant

structures have been devgmped. -These structures exhxbit

motion under loading, which generally leads to reduced
loading. There are many varieties Of compliant strﬁcturgs.
", bBut -the most widely favoured types’are the Semisubmersible,
the'Guyed Towel, and currently the Tension Leg Platform )
me) e : )




‘1 2 ob ect:l.ves

displacements. will be studxed using a Einite Eiement '

Ldealization of. the syatem ‘in the time’ domain.

'I‘he Tension z.eg Platform is desxgneﬂ on the

o 7
Principlé of Excdss Buoyancy: It speks to, acmevs a- ma:ure

Of. steadiness by pulling vertically upwards & set of cables’

attached firily to the sea- bea. In effect it functions like

a.pendulum hung" upsxde aown. .

‘The first of such platforms, the Triton,.was

has come.a 1ong way since’ then, and the first cbmmercial
production facility of this type, thé Hutton e wul

shortly be (pex.‘atlonal xn L'he North Sea’.

& This thesis is mncerned with the loss of at)ffness N
. in' any tether,. and the stuzw of n.s effects on the pu:form

responde. Hydrodynanuc lntetaction wxu be..taken ' into:

account using the drag” and 1nert1 effercts and the’ addad mass

comept- ’l‘he tethers are firat nbdelled ‘as. linear spﬂnga s

’at:ar_hed to a lumped md‘el of. the mpsme. with: six dégrns

Of ‘freedom, to obtain the’ rssponse in'.the frequency domain,

Subsequently,, the' nonlu\ear effects caused by the - large

|
. The 'aim of thé: study is. to ascertain ehe i

characterhtic changes - ln the beh:.wlout of ‘the syatem dus tu

the lnss of t.er.her stiffness.

produced almost 20 years ago. .Thé dévefapmem of * the cém'c'ep; i




oK L 2, _CHAPTER 2 |

- .°%.. LITERATURE REVIEW. - T g .

1'_ Environnental Loads and the'Response of -
.3 Tension Leg Platform -

Methods of envxronmenta] responae ‘and analykis.

, which have bden applied in the design of flohting bodfes and: : f

nther compliant platforms and semisubmersihlem provide a. - % - /

‘4. . -sound basis: for the’ analysxs of the mntion response of a.

" Tension Leg Platform.

The hydrodynanics of the' platform can be determned :
S5 “by the following two’ n\odels.

The first modal is based -on ‘the classical 5

hydrodynamiru theory, wherein a solution to the Lapﬂsce

equation is sought in the f£luid domain, subject to bue

pre’vaiung ‘boundary constiénSA These «conditions include ‘thé

kinematic boundary condition-on the_ free burface and on the.

body surface itself,” a constant prassure dynamic, condition |

' derived-from'the rigid body équations of motion. and the far e "

eld conditicn.” A solution scheme of this type has been

‘uuql;esc d-anong thers; by Faltinsen and Michelson (1974), by

the ‘so-called three dxmamional singularity distrivufibn -

vtechnxque. . [

The secona approﬂch 18, less exact, but {s readily
adaptable for structures; such as space frames. The

. hydrodynamic properties of each member are estimated eithfr




experinentally or by {sing Strip theory., -i'his formulation is
i effect identical to the analysis_ sugges:ed by Morison et
al. -(1951). The bas,{a of assembly, termed as hydrodynamic
‘synthesis, is the assumption that the nyatodynanic. eotEe: i
the asseiibled structure equal the, summation of “the ‘forces
acting on the individual members. Some of the earliest work, :
such as the motion analysis of umiaub_meuibles by Burke
(1970) and Hooft (1971), follow this approach.

The hydrodynamic synthesis techniqie for the
pre'aicuqn of the motion response and tension Bavtation in
the tethers was first proposed by Paulling ‘and Horton (1570),
for a linparized model of a Tension Leg Platform in ‘regular,
and irregular waves, and the Gomputed results were shown. to
be in. good agpeement with some ‘ekperinental undmgs. T
o, " Nonlinear effects, which were neglected in the '

'~ previous analysis, were considered by Paulling (1974) in'a
time domain’ analysis. It was suggested that nonxlx.,eazxnea'
.-may be caused by things, such as:

1. non-linear terms in the totational equations

L Ofmution.’ .. i e

il finite amplitude Waves
. iii. " nonlinear drag forces
The rasults included both transient and ‘steady state

responses which weré computled using the Runge—l(ur.ta tec’hnique

- - for cime integrar.mn. B B o




The possibility of ‘dynamic instabilities at

critical vave 'frequencies and subharmonic oscillations at .. | :°

cross_seas has been”demonstrated by Rainey (1978). These .’
'have'.'genera:ed' great interest, _especially amongst the British
xesearchers, who have carried out a fumber of experimental
stuales. X . .

- The resonance problem for téthers. in de aters . .
has been discussed by Roren and Stelnwik (1977). They have

used Lhe ‘three dimensional singularity auuibuuon technique”

for the nydrcaymmxc analysis.

. The nonlinear analysis carrxed cut by Hathg jand’

penéezed (1977) uges the Newmark as well as the Newton-

: Raphson,Method_ for the time integration. They have coru:luded. it

“that the llr;ear'mechcds give reliable results if the mean '
[ arift forces are included. L ’ : N
) -Albreéht et al. (1978) have presented algorithms

es. ’l‘hey have also discusuad

for linear and nonlinear analys

) - tether dynam).cx‘ and conaldex‘ed‘ the cases cf inclxnsd

tethers. N g

A r_omparison of linear and nonlinear analysis has®
T, 5, S8 ‘bean presanted by Dense and Heaf (1.979) They have’

cemmented on the ranga of vulidity oE each analysis .and,

brought out the fact that tha most. aignificant ponlinaur

effect s cnused by “the u:ge displ 's in the ge y .

.of the gecheu. Othsr effects, such as th- buoyancy in the’




splan zone and viscous forces, are of lesser ‘consequence.

'l'he 9eometr1c nenlinentlt.y alue considerably 1nflu!nces the

f.em-icm in the tethers.

Anh{crd and Hood (1978) have inv.!thated val'icus -

numerical integration: schemes and. have concluded that no’ one
aqhqme is best lul:ed for the lolutiun. Therefore, the
cholcs of. the schem should be'made. according to the nntuze

thheuodel. e B S

O " - 'The state of the art was. qui.te well established by’

_ the'late seyenties. . Mostupublished work in the recent years

can be categorized as:’ . - S s ",

(i) Lh.aratuxc daaing thh _the design aspecu.

" et al. (1980), Mercier et al. (1980), Tetlow et al. (1982),
- Ellis et al. - (1952), Liloyd -et al.(1983),

(i1) Literagure dealifg with the platfom ‘otion

analysis, a majority, anong these upon: axperinmtal '

inventigatinno, luf.‘h as the work of Yolhida et al. (1951).

Faltinsen et al. (1982), Kataynnn -(1982), Lyons et al

and Dun.sire and ‘Owen 61954) s

The cun-nr. “trend in:the ana1ysis” seens; to be:

focused: on detailed ane-tigatim of lpaaiilc problems. - A

<ccmbination cf vuriouu hydrcﬂynamic nodal

have been studied.

to, the water .

©. T If the platfpm has larger pontoons clos

e i.ntarlctim'l effectn. niglecl’.ed in tha Horiaon s

such asthe vork of Capanoglu (1979), Liu et ‘al. (1980); Chou °

(1983) -




significant in the élender members, and they ‘cannot be
ciznu'nee‘d for in the potential flw‘a'nalysis.’ a synthesis of
the two n'Pdels gives the best results, as reportad by
scandxng/erﬁs) ’

7" .In a recent article Dillingham (1984) has described

the model scale simulatioh of a TLP, the.research areas of

particilar interest in the current. mdel tests and. made

;- recommendations for future tests.

2.2 Modelung of -the Tet.har letem

HO!t Df the available literatura deals with md!l!,

the tethers being représented by linear springs
’ " The andijtical transsiveion iine-solution was:
employed by Hong (1974) -to predict the: behavior of the

lightly tensioned taut ropes attached to oceanographic :

buoys. .
& ‘Albr:‘cht et al. (1978) have- presented a detailed
treatment of tha nonlineatir_ies ca\mad by large deformations
in a’ duasiatatic study, of a Finité Element model of" the
mooring systen. N .
‘The. analysis of Richarascn and PANEG (1979) ‘is
based on tethers modelled as heavy catenaries, which. give a

simple closed ‘form solution.

équation, will be significant. The viscous edfects. are more




The research group at University College, London -

has developed the analytical solutions in a systematic

_manner. Jeffries and Patel (1981) have carried out a

‘ comparison of various mathematical models of the tether

analysis and’ the Finite Element model for this comparisons
Only the Finite Element model can cater for the
nonlinearities.  Patel and Lynch (1983) have presented a

N mathematical model,of the coupled dynamics of a Tension Leg

investigates the effects of water depth, surface platform

' mass; and the tether mass per unit length on the tether

fdisplacemanr_ and the bending strength, as well as on the °

A e resulting_Pla}fcrm motion. It has been »shlwn that, while the
‘tether dynamics. do not affect the platform motions, the

platform motioms affect the tether dynamics considerably.

Keysor and Mott '(1971) ‘report that the offshore

K4 : industry has in ‘thé past used i
for t‘he estimation of ‘the cable tensions.
. State of ‘the ‘art of tne vipration analysis of
" fixed offshore platforms, where -ms:s in the rescnant
frequencies are uged to study the loss of tether stiffness;
i for the purpose of integrity moniltoring is well established.
v ; Most of the revi'ewgd 1:Lerature considered the

: tethers to have equal stiffness. The investigation carried.

system. They: have used an analytical model, the linear modal

Platform and the lateral dynamiés of its tethers. This study -



by, Yoshidaet al. (1978) studiéd the effects’of anap

1oads on a taut “moored platform: " A current 1nvestxgation at -

cﬂe Harriot-Watt Unjversity, ‘UK is aimed at a ccn\pzehenaxva

rodel tests programme, that covers-the study of the ‘effects
i b ; :

Of| tether failure, including redistribution of loads and

t:hange in the structure's performance.

| A theoretical analysis for modelling the loss of
[

‘tether stiffness and its effects on the platfetn behavict haa

not| been Feported in the open T m— %
. ' ° )




' P ’

3.1 The Design Philosophy ., - =~ - 3

CHAPTER.3 1 - . S

THE TENSION LEG PLATFORM -

The Tension Leg Platform is a<flodting ‘structure -

that: Has baen connectéd to the an:hor/foundaticn fixed at the

sea-bed By vertical mooring’ lines.

'rnese tet‘hers vxrcually

eliminate' the verucal plane motions of heave, pitch and

roll, while the lateral ‘motions of sway, ‘surge and yaw are
conaiderably reduced. 'An excess of buoyancy over “thg

platform weight keeps the mooring lines. taut at all-times.

A

majority of ‘the .force of buoyancy is provided by the cnlumns
3

at the corners and. the eonnecnnq horizontal pontoons.

which'a:e collectively termed as the hull. A schematié

tepresentation of Ehe Eoi‘cea and ‘the nnvement of the platform

is shéwn in Fig. 2.

sysceQn.

system-with

it
£requencies.

In reality, the platform is a continuous ‘mechanical
an infinite number. of.free: vibration modes and

The six. displacements mentione& above are only

an approximation of ‘some 'of, the trus modes Gf ‘the continuous

These 6 modes are descrlbed as the prin:ipal modes

"t distinguish them from the uecondnry modes, which -are
closely related té the so-called \ether dynamics, that is,

the vibration'of tethers within themselves.

Figure 3 shows the natural frequencies in

all of " -




, s . < 1 S
comparison with exciting sea-state enerqy. and 1 it should -

& readily .be clear that the platform is dasigned lo as to avoid E

resonance.. ’ ‘ . ] N . ‘-

The primary design objectives are:

(1) ta provide the jspace and suppbrt.for all the - .
4 ; b ] ,

functional requirements in the development of the 2

[v' vl T oil fiela.

. (44) " to obtain folierate wave, wind and current forces.and

refponse.

- i ' (iii) . to'minimize the weight and maximize the payload.

"(iv) .o achieve watertight partitions to withstand partial =~ - . -
: o T damage.. . N L "
‘ ; (v) ‘o ichieve stabll)_ty aunng “eransit and soutama v TR
[ ’ malntena/nce. . 2 T d

e vi) to provide eaéy access for work and

! S g Sengral Description f\/\ S ot T i
) Tha develbphxenn of a new t.e:hnolugy is qteatly

. enhanced by its specific appllcatxon to  one. reul project- '

“Ali the studies- prior “to ‘the!design of the Huéto e

s necenunly included several alr.emacive.mlutions. Faccors

5 v such as environmental conditions,(wacer depth and soi1’

* properties have led to a cont} gurauun “choice which ie likely
to beaome a.model for the future genexatxon of platforms. E

This dea_ign, shown 'in-Fig. 1, is deucribed'as foll_owj‘ -




The }\uu structure of -the Hu:tcn TLP cannsts of .

A "% cyunduca,l ‘oLur and 1lar 5 The ring

stiffened column! have a Ber}es of waterti.th flats to limit

o f1oodxng.' ’x'hey house'a systen for anchoung the ’rensxon Legs

and’ tranafe:ring theif loads o the shell of the calumns and

"7 the “tne column—pontoon node.. . At sea’ level, .where. the’

possi‘blllty oi “collisfon damage 48 'most sévere, a double™ skm

cons:ruction is. uud to provide -a secondary pat for the

1cads on ‘the columnu. o wrer, , ¥R
(..o "The pontoons, rect_anqular in sec iorI are.

con-tzucted of orchogcna‘lly .nffaned plae s, using web,

 £raimes ‘ana le'ngitudinals, and provide a ridia )ointr—ﬁ
jolnr. is subjected to axial and hendan 1lohds and also
*provides an asﬁmnar way of zesisting. the Tenaicn Leg k

l czossloads.

_facilities and consists of a ariliage of 12,5 meters deap_
" bulkheﬂds, into which modular palletu ar
. mezzanine and weather, deck levels to ‘form an integrated

gcructu;e) “ E 1

- fhe hull ana the decks are fabficated separately

_and mated in_ shallow vater, after whith haﬁ- are towed to the

- site ana are inlcalled with the Telp Gf the mooring syn_em.
| Though the structure is simila

aamleubmarsible drilling riqs, the lelow ng features are -

placed at the main,

1n cunfxguration to-




distinctive:

- (i) thé portion of buoyancy provided by the commns,

compared . with, that provided by t‘he bontoons -is. fuch

greater in a Tensl.on Leg Pl fcrm. This _uv

minimize the tension leg loads; -rather fhan

induced heave’motions.

4 ) (ii) the overall depth is much greater than -that

semisubmersible. This, is done €0 avoid the high slam - -l
3 in the case of a high Yide ccgether with a high wave. .

(iii) - dxaqcnal bracings ‘are avoided to reduce complex .

s " joints.

353 e Hooting sytem ¢ | . ) Nl |

% . The HuttDn TLP is a permanent installation in, the’ i “ .
‘sense that it w111 be Operat).onal in all but most adverse
environmental cgmdxt_xans, and is fungkionally equxvalent to a
fixed platform. Fig. 4(a) shows a typical tension legs "The-
- sixteen tension legs iu;, vide 2 flexible connection between
- the huil and the foundation and can withstand high cyclié
loads, which. may vary between 0 and 2400 tonnes. Dur{ng

their 20 years of deslgn life the legs will be subjected to ° ¥

10° load reversals. .
At the upper, end’ (Fig. 4(b)). the. load will be
- trapsferred to the hull through a load block, into a locking’ - o "
) collar of the cgn;n;n adjustment aéaem\:lxy, which passes the . -

g » . o .




ldad to the crosi'load bearing (CLB). Below the CLB' there

are 11 elenents each approximately 9.5 meters long, and with

4 maxbiam yield strengtht of 795 N/mn? (Fig. 4(3{). The

bottom £3 the ’).eg has tha am:hor connector. "?[g& 4(d)), which

is a device for Attachlng the leg to the temfplate on. the.’

seabed. This connector is activated by the force of ‘gravity .
and locks itself fn. It can be removed from the deck -
Femotely with a hydraulic device.
Both ends of the tensxon leg have elastomeric:
fle)t]oxnta, which allow free rotation up'to 18,5 degrees'
- The deployment of the leg is undenaxen £rom the

mooring compartment (Fig. 5), which is located in the upper

part of the column. The leg elements are stored here pum— Loa
to installation. The compartment houses spec@a11y developed. .
medhanical handling equipments. These are used for o
installation and removal of the Yeg eléments.
; The tethd¥f¥fsystem installation is carried out™in
T aREReES _The’ platform is temporarily moored with the
[help Of an eight point catenary mooring system. A'single leg
element 1n each corner 15 assembled and lowered, along with
the conn’ectxng assembly. The succeeding alements are added
on till the lower end reaches 5 meters above ‘the seabed. The

motich ccmpensator on each leg xs ‘then ut(okeﬂ fully to raise

h leg by about 10 meters. Finally, the anchor connectors

e stabbed into the templates. At this stage, the .




compensators agcount- Eor  the vessel's motions: . A nominal
tension is applied toeach leg ‘to check 'for. locking dnd the

check valyes on. the compersators are closed. When tlie' heave R

' motion is fully suppressed, the platform is pulled down to.
. -its operating draft with the help of hydraulic jacks. The

load plates are no§ locked and the platform is partiaily

aeballasted. . The platform 'is now in'the TLP mode. The A

remaining 12 elements are now lowered with the help of a .°.

_ polar crane. . Once all the.elements are'in position, the . s
platform is deballasted to its operational draft. .,

As for the |redundancy of the system, any two © =

77| .7 tetners atieach corner can take the design load if the s

remaining teters in .the cluster are not functional. There is

'a provisidn for retracting any of the tethers temporarily for.
inspection. Even the unthinkable failure of all the o

in-a’ ormer would not be ‘progressive, although the platfox"m‘. )
_would be in jeopardy, unless its center of gravity is moved
.tward‘s the untethered corner. A
: Load cells in each corner are used to cortinuously

menitor the tension in the tether and these values are, used

£

for. anboard load’ distribution.
3 X

Fa |
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o b CHAPTER 4 ik e

v C PROBLEM FORMULATION

4.1 Introduction - ’ S o T,
The objecfive of this formulatx.on is to develop

mathematical modlels to stuly the effect of “the loss of tether .

stiffness on the behavior of a Témsion Leg Platform. ° wy
It is apparent. that a damaged structuire will have .

different motion characteristics from those of an intact

structyre. The psuax'assumptians pertaining to the resm‘:xng

force computations, must’ therefore be modified-to cater for s
the uneven tether stiffnesses. The study -has béen ear_ried

out in two stages.

First a frequency domain analysis'is carried .out

with the assumption that the system behaves linearly. . - /.
Strictly speaking, this analysis has a unu.ted validity, but - «
it sErves“as. an indicator of. ehe nature of - the changes. The
structure is Modelled as a lumped mass with 6 degrees of

freedom. A schematic diagram ‘of this sodel -is shuwn in. -0 T,
ng. 6. Essentially, this formulation follows a ‘str,ip.th‘eor'y»
approach to study: the tension variations and the motiod .
responses. ¢ ’ »: v &

It has been shown' that the gaometric nonunearity

caused by, the large deformations lnfluennes the - platforn

beavior as well as the tension history significantly (Denise -




;.m Heaf,"1979). A jarge displacenent nonlinear iodel is
déveloped for a time domaih analysis. The Iydroaymmic
propen:xel are denved from the pxeuo\u model:  The pLar.’fonn
is mdelled as a 3-dinensional mr.vork of bean elements with

T as nodes and, 249 degrees of Ereedom.: 'm. model is shown in

Fig. 7, 4 *

4 2 Linear Anal!!is . L

“4.2.1 The conatitutive forces
The constitutive forces

2 5 Ccnsidcr a rigid floatinq budy csclllatinq about a

‘» stnte\of uu in response ‘to excuuxon by .long crested

' ‘attached to the equilibriun position of the center of gravity .

is defined, and the motion is denoted by r, for' the xh
'.degree of freedom; as shown-in'Fig. 8(a). 'n{e' prc;blen posed
here deals with the fluid. motion induced by small asplitude
ocaclilations of the Object ss.well’as the £1ula intkion:
a's_mm\ced with the interaction of the .cbject with a train of
in@ng vajes. The theoretical basis of the formilation
along with detalled derivations has been prenented’ by Hoott
(1970,1971) for a semisubmersible assuming potential £low.
This formilation has ‘been: adopted here with certain min;’a:

modificatiéma. The, auuent features cf this !ormulation‘

along with the implicit assumptions are dis cussed " 4

=

" An 1nen.xal system of coordinates OXYZ =, ..




Appendix A. The modification propoled in rognrd to tether-
stiffness mdelunq is presented in the next section.

_Oon the Basis of the afore-mentioned formalatiod, it:

teact.iop. to the e;term! dxatu?ﬁ( TM.B parts of the

reactive force are: 1 -z S 0

©. * [t forces 1 fras /{en e avestacation {nertial °

U potdest ' Jo Fa g
P (i6) forces //us'e with m"velociiy’ lD.mpx"ng Forces) ¢

(iii) Eorcu proporcibnah o the dupxacamm (Reﬂto{ing

R 'Eorce-)
g &

/ ©' The wave zxdxtatien fercel o the body are
app! e s :

roximated by, tvo, ,puw

(1) The unaisturbed. pressire ‘force (also kaown as

“the ProudeXrylov force), which is the force that arises from
‘the pressure over hull in'a wive that has not.been disturbed
by the hull. - - ‘ . s

Aii) The inertia Ec!cep vhich lrises from the

L | acdeleration of .the added mass' Of the hull in a vave that has

50 Y pot been] alsturbed by- the hull. i o ¢
’ . The" peuntial flow solution’ neglecu the vis:oue |

effects, w'h!.ch are of !iqnificam: magnituaa. The viscous

forces are tHerefire included additionally as’ propased by
'paumnq (197x) “The mcou- part is usually’ anumed ‘to Be a

quadrntlc function of . the velm:ity by analngy w r_‘he case. of




T 19 ¢ :
.. p
5 o steady flow.’ For the present analysis, the quadratic drag is
. réplaced by .an “equfivalent linear drag-force". 'The Boaes,
equivalent ‘inear drag coefficiént Cp is given by, . . |
8 . 5 . . /» X " . " . . ‘
CpL' = 3v.% b | - . : R

L0 7T. “where Cp.is the quadratic drag coefficient and u,'is.the -

- amplitude of the periodic flaid velocity. -

A The last of the constituent forces isrthe restoring <. . ..,

force introduced vy the tethet syatem. ‘»This force 1; " d

proporfional to the dis lacement and i! uttributad to t'he

e “¢onponents ofianchor lipe r.ungom tending, to restcre the .. i
“structure following a small dlsplacement.. Lule wow B F
f ' L 422 The Eguatxon of Motion® e & T

i . ol “The’ equation of motion in'the’ simplified form-

re:ults from equaung thé reacr_ive forces with the excitation. .

. ‘ ‘

PN r :j = F explivt) B}
W OEE o -
. i T . - PR
| “where i o L »
, Fyexp(iwt) = Hydrédynamic excitation force
it Ungjd "% = Mass/Inertia matrix & &

. o T S v['ak'j-l» added Mass matrix. ”

. By (Bygd = Damping coefficient matrix . )




. equation of motion,

The equilibrium equations are, *

: : 20, v
(GO .= Restoring force matrix
: w = Circular fréquency of excitation-

Imorder to reduce' the coupled second order
differential equations to 2 set of une-r.couplex equations, ’

it is necessary to allume hnrmnic mtiqnl. Substituting
. 8 N

)

€. 5 g "
)'*El ("':l;('l’l\kj + akj‘)f-.iw_.hkj + ckj) 5 = B i

fj"j_em(l:’t’

where s is the amplitude of the jth "ihode, of motion. - The

4.2.3 The Tether Stiffness Model

Calculation of-the Equilibrium Tensions
’ Fig. 9(a) shows the planar configuration of a

'!‘culi,on Leg Plilform with the tethers modelled A! uneat

‘spdngs of unequal ltlffnul_&l and K2. At equ].xhrium thexr

respective deflections are dl and @. ‘The total force of
buoyancy is D, acting at the center of buoyancy (X units from
tether with stiffness KL). The total weight W is acting at

the.midpoint betwen the two tethers (or.L'/2 units fromthe

“tether with uusnen Kl). It is the total underwater volume

which . remains l:nnlcant. Thq total pretension is P, so- that

P'-D-h'

KL.ad+R.@=p ' (4.2)




> fizgn, e

KL . d . X=K . & . (LX) =W .. (XL'/2)
i s SlaiayF

This problem is statically indeterminate in X, dl'.and 2.
From“the geometry depicted in Fig. 9(b), the deflection at X

\

is

drm Q4 (@ze@l) LoXUT T T (4.4)

. . , :
| The deflection-dt X is caused by the translation of the body

and rotational motion-about the midpoint, so ‘that

ax = POL/KE # K2) + &+ (X- L'/2)2 /(KL - k2)'?)
& P ; . L e (45)

from(4.4) and (4.5) . :

2. %
- L ; o gy (@2-dly ;3
-k (dn s (- piy)

e (4.6)

Equations 4.2, 4.3, and 4.6 are solved iteratively for X, dl
: P
and @. This principle is further applied to the other plane

to arrive at the 3-dimensional equilibrium.

Cable Stiéfness ifatrix -

Cables are assumed to be weightless, taut and of
linear stiffness. The rodel includes the elaakié,nitsngus
due.: to ti’le extension of the cable as well as "the ‘pendulum"

stiffness due to the pretension, in the cable under lateral

- displacenent.

The configuration of a typical cable has been shown

in Fig. 9(¢). Consider a cable fixed at the point B(xb, yb,

2zb) with its other end attached to a moving structure. at ‘the




: i s ) _“22. g » . -

«.. .;-point 0_(‘:0. ‘yb, z0).. -The. ;l\otion of thel_struénure_ is about
' 1 the point CG(xg, yg, zg). If the point of attachment moves
i " "by a small aistance g(éx, ay, dz), the force on’ the

v structure to'the first order is N '

-0) L

. = Pretension
L = Length S ) . “
E'= Young's modulus

A

Area. of crosssection

L. *': ' ‘dL'=Change in length . - ' D
¢ % be-shoun from Eqn.’ 4.7 that ‘the jth component of the
dieplacement r, at CG will cause forcea given by )

6
d’!i= I =K

T, for i=1,2,...,6 ; o (4.8)
=1 ;

i3 73

.- where L% {5 ‘the stiffness due the the cable: =

The detailed stiffness matrix was derived and the

final equations are presented.in Appendix B. " e b

v 4.3 Nonlinear Amalysis - G = ¢ e

’ 4.3.1 The Equation of Motion : iy
. "It has been shown by Albrecht et al. (1978) that:in

e s aualn, aRalyats & fotmalatice ot tha equation Of -

motion based on an 1mpulee’"response function, which yields

. frequency indepéndent added mass coefficients and retardation




___— —
. caleulated using a.formulation similar to the linear model.

¢ functions, has to_ae used. Gmerauy, the equatiun! of

motion for a nulcj. “degree of freedom system read %

, xfxtmkf ak].ur)»[bkjl{m&\\meomg (r))=

Elr,r ) -
where )
tm 4T = Mass/Inértia matrix
[ay;] = Added masa matrix
Ebkj] =’Da}np1ng matrix : ) ; A

i reif.orxng (r)) Restoring force vector

- (P(r.r. r, t)} = Exciting force vector

ana {r}, (r), {r} are the displacement, velocity and

acceleration vectors respectively. The number of degrees of

freedom is N, which x.m:ludes _both the r).gld and elastic

\degrees of freedom.
‘There are a number of nonlinear terms which may

ear in Eqn. 4.9. Denise and Heaf (1979).have shown that

_amopg the various nonlinear sffects, the variation in the

) reslorinq force due to large diaplncements is the most
_infldgntial factor governmg@e tension response of the
tetheds as well as the motion of the platform.

u

mass, damping and the wave induced.excitation forces are
A e Salicy 2

(4.9) .

The hydrodynamic properties, that.is, the added
. e



each mp,' becsuse it is dent gil ‘the inst = 5 Fgt
pouuon of the ' platform. ) ‘ .

- The restox‘inq force vectdr has contrxbutionu from -
the hydrostatic: force, the elastic stiEfnees: of the tethers
as well as_ the geometric stiffress of the tether system.

The discretization.of the continnum 15 catr}.ed out . ;
using the finite element model. The concept of finite’
element in time dimension is employed for the solution of m
" equation_of motion by an iterative mmerical® _scheme ..’

‘ 4.3.2 The Finite Element Model .
For the large displacement dynamic rasponss. S
calculation of the tether netwirk the Einite elenent. rodel ‘is

enployed. The advantage of this model lieg. not only in the

+ facility to incorporaté ‘all the parameters: aff;c‘cmg the -

systen, but also in the high degree of reliability of the
results. )

Fig. 7 shows line dlagram of the £inite element
nodel. 4 :

Thé tethers are modelled as beam elements with

12 degrees of freedom (three-translational and three

FR g ;
— “rotational at each-end).. The end nodes of each tether are :

;hinged.” This model incorporates the variation in the tether

{




S properties and tension along the lengtn as well @s ‘the-
- computation of the contributions' due to. elasuc and geomettle v

stiffness. The model has the capab_ ity of

incorporating the excitation caused i wotek shedding at

tethers, and_ exact current and wave thCEE on the tethers-

These effects are nat included in thevpresent analysis. The

response of the tether network is stiffness dominated. "

; The topside is modelled as'a lunped rigid mass sy

having-six degrees of freedom. The motions at the top are "

transferred to the nodes 2 through 5. - Sihce an accurate

estimation of the first derivative of the exciting force is |

. tot available, the motion OFthe topside s solved using the

A e wuson-b algorithm, given by Bathe and Wilson (1976). Thus

e Hopaiida configuration is a r{gid body nodel of the
platform hull and its motions J‘

/e inertia dominated.
1 It has been brought oht in the discussion of the

nDnliLaar stiifnen formulatlon ('see Appendix B) that the

= -\ larger the nimber of elements in any tether, tha greater 1/

. the accuracy of the formulated geometric stiffnessi However, .

e 3
the larger number-of elements lead-to larger requirements of

g e
.~ computer' time. for the ‘analysis. The sylsten was first
.

modelled with larger number of elements (40), and
+ subsequently the number of elements was reduced to (25). .
. "'This halped in a 66% saving in the computer tima while

LA ‘affect_ing the accuracy of the rgsults marqinally.




: gl
-.’ - .4.3.-3 The Time Integration Scheme F
) J : Argyris et al: (1973) have derived the concept 'of .
- | the applfcat_ia;, of,éiniti?_ element_methglﬂulogy for the time
step integration Of nonlinear cable netvorks. The equation
. ‘ ‘of motion (4.9)'is réwrittenas 4
i x (R} - (Ra) - (Ra) {B] (7} (a.10)
: . and ' L . ' £ \
(R} = (Ra) - (Rs} - [b] &r} RS
where ’ ’ e ;
' (R) ‘= Inertia force vestor ., Y
{Ra) = Exciting forcg vector = o ‘
> (Y ResEORLTE RO R e,

[b] = Damping matrix

~— " ° 4r} = Displacement vector ° : i

_respect to

The superscript "." denotes the derivative wi

1f the inertiz foFce is assumed to be a cubic function

time
. i of time, it has been shown by Argyris that
(6Ro + TRy + 631 = rRl))
5 . : - i
i . . cea(412)
.
2l ey %
+ I “]Ro + 3tRg + 9R)))) -
e (4.13) - i
/
% and /
> R !
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where 'the suhscript"'o " indicates the value of the variable

& at: the beginning of a time 'step and the'subscript "L "
1nd1cates the value of me variable ‘after a time step () and
]

" [n] is the equivalent mass matrix (the sum of -massand. added

mass matrix). An iterative solution scheme is adopted for

the solution. of the initial value problem using Eqns. 4.12,

+14. "-For tl-re first estimate 'the values (R 1 and

e ) Ry

]are appx:oxlmar_ed as

o (31): “‘u * md) oo

1 A\
= .. s Strlctly speaklng, the kinemstlcally equxvalent §

rass and damping matrices are changing with the geometry, but
\ﬁhey 4re ‘assuned to be . constant. :

|Tha choice of the scheme Of integration is closely.
linked to the nature of the problem in terns of* numerxcal
stability and dgsired accuracy. The ideal algonchm should
also have' the' minimim requirement of computet tine and

mengoryv . L . s

The algorithm of finite elements in time .
Intagration is best siited for the presént analysis becase
" 6f ‘the £ollowing reasons: A : B
(i) 'The equation of mdtion in t.‘he present. |




‘the displacement function and is more stablé-and -accurats
i : Sy

formulation ais;;nl the added mass matrix to b’e constant,

wm?}ea. the stiffness matrices are position dependent. This
method does not require an inversion of the stiffness matrix
and just one inversion of the mass matrix, as against all the

other methodl l.n the 1xterature. ‘which call for the matrix ' -

inversion at every -cep.
(ii) The ;ether stiffness matrix has a ldrge

bandwidth. A scheme has been developed,'as dsscribeld in the

' mext section, which does/not: require global a/asemmy of the.

stiffness matrix and uges a column vector product of the

stiffness and the displacement vector direccly. This scheme. '
saves on the totalj Fan B

n-core memory requirement.
(iii) .It has been shown.by|Argyris (1913) that

this method in effect amounts to a 51 order interpolatiod’of

than most of the prevailing numerical integfation schemes
in nonlinear mechanics. Albrecht et al. (1978) have alsc -

established that methods which work directly are not suitable

for thé solution of nonlinear problems involving cable
networks and have used this”scheme for their analysis. In

the computation’ of the motion response, r.he ‘effect of the

A
starting transient has' been reduced by allowing the excitin
term to build up gradually, This is'accomplished by )
multiplying the force and moment terms by a tapering

L E

function. The first 2 cycles are ignored while presenting




29

the results, so that:.the effect of transiént motion has. been’

suppressed.
‘ . |
4.4 Numerical Analysis '- 1 X

g, .‘ The linear analysis programme has’been implemented

directly from the equations discussed earlier. The flow'

chart is shown in Pigs 10: The damping forge: is. dependent on :

assumed’ for. the subsequent ,iterative solution. The
cofvergence is quite fast and an accuracy of less thatn 3%

has been specified as the error bound. A listing of a

typxcal input scheme and ‘the computer code (seé TLP1.FOR) are”

attached in ‘the appendices C and D.

“The implementation of the nonhnear solutmn schems
is very involved.' The most critical part of the numerxca].
’solution arises from the largely different values of mass and.‘

Btlffness fcr the n.g:.d body and the tet'her degrees of

% ¥ Ereedom The displacement, veldcn:y and accéleration: tern\s
associated with the soft degrees of freedom explode ant’ the
systém’is humerically ‘unstablé when ‘the time integration

scheme is used directly. It is essential to condense out the

bean achisved.in, tub steps.
First the mocion analyals of the topsxde is cauied‘

oul: by treating it as'a rig;d-bpdy. “The di-pxacamenyu are.

_the ‘amplitude of velocity; and an’ initial velocity has to’be-,

rigid dégrees of freedon'to ayoid this instability. This has:




N now transferred to. the op: nodes of the’ cable network and
" Forge mitrix on, tne netwaxk is. computed. Wow t_he bottom

i nodes Of the L‘able are assumed to. be. fxxedrand the lat_eral
s dynamicu of the network'.is analyzed. in .the second Qtep.

The top nodes are :ondensed out by the so called

G\xyan reduction (sée Guyan, 1965).. Fartitioning. the

! equations of motion as

.+ freedom, - and the sublcrxpt T denn&bume retained rlegree uE

freedom. Writing the first partitioned equation along with

the damping terms as

(Kéc—‘wmcc+iwb-)r * K, rr—l’c_ ) (4.15)-

Bqn. 4. 15 15 rewn.tten so as to keep the men:ia ‘terms on “the

. rlght-hand side ) g

R, = -(K_r_+X._ 1) b
cc

] ce.Te ¥ Ko Ty £y B {4;16) ;
ALy Ro= =[K] fxp) .= b T+ By ;
‘on @ifferentiating Eqn. 4.16 SR Yot
©RJ= ~[K] {r ) - b__ r_ % F e

c [ ce “r'’ Cr

and ‘similarly, . E e ‘

R, =KD () - by

.19




(KD b = b+ FL < (a.20)

These equations are to'be solved. iteratively. -ﬁ\e" solution *
! " Scheme proposed by Argyris is modified to catér eor the

condensation. The flow chakt for the programme organization

= * is given in-Fig. 12. ¥ Y
5

g ' . The implementation-of the Argyris time integr

scheme with dynamic cond tion-is a new dével £

out in the course of this analysis.

It may be pointed out here that this approach has

in effect been proposed by Patel and Lynch (1983). They have' ' |

analyzed ‘the rigid body with 6 degrees of fregdom and the'

tet_her system independently. The coupled dynamics was L

exanuned by first using the mlults of the motion analysis as

»ﬂigv,inpu:- for the ‘dynamic analysis of the tethers and then o v C
'éecmeurarrng the motion with the dynamic effects due to the"
tethers incorpozar.ed as a magnif,icaticn of the tension term
in the tether stitegens matrix.” They have justifxed their
7 2 approach by arguing ithat while the tether dynamics. does not
affect the platform motions, the placform motions affect t.he
: ‘tether dynamics significantly. ° “ 8
G, . The Jther’ aspact of numerical. an.nysu whian e o .
requires consideration is. the organizatxon of the high and
o : ™' low speed. memory bldeks. Tn order to use the ‘logic -

effectively an array A(10000) is -defined, which is used vo,

store all the in'core variables. A number of control '
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variables monitor the partitioning of this memory block at = - ‘. - 1
various stdges in the programme. The portion of arrays not FATE

needed in calculations is dumped on the slow speed devices

and reread when needed. 7his maripulation is also used to

‘-avoid the assembly of global stiffness.matrices. It can be

o

. . . seen from the system equations that at no stage of analysis -

is ‘the ltiffn‘ll matrix needed by itlolf in the- walultloﬂ.

.. 'sincs it is always compound:d with a cnlumn vector vefore’

coming into the lylham ‘equations, only t.hig _column vector

: need be lter.ﬂ in’ core,

The error bounds used An tnis analysis were

computed from tha error norms of a.. 1n-nn and the
- displacement vectors. Based on the double pucm.on accuracy
» of 1071€ on VAX 11/780 system, they,were taken as 10-15. The

typical CPU time required for a lineat analysis was 1724 é H

minutes. The typical CPU time requifed for a non-linear .’

. anal;




CHAPTER 5

= ANALYSIS OF THE RESULTS

S nzruducdon

The motions and tension forces on a typical Tension

Lag Pla!fom are computed. In urder to check the valxdi:y.
and accuracy of the numerical prur.‘elu comparisons with
publxshed data are made. A parametric study of the response

. is present’ed- Ba!ad on ths Eiqdingl ol the parametric

variations a case !tudy has been made to Ivnluate the effectl

of the loss of tether stiffness on the behavior of a X
Tension Leg Platform. ' - “ 8

~ The results of the frequency domain analysis ’ar;“
the response amplitude operators (RAO) for surge, heave,
pitch motions and the cable tension varjations. .The results
‘of the nonlinear analysis are the time hhtor_x.‘a for the
‘motions and tensions. The definition sketch (Fig. 8(d))’
identifies the fore and afé direction and the|port and

-u_:béa;d side with respect to the wave_direction.

. 5.2 Validutlnn of the Numerical launkl o e B3 B

3 i ‘l'he details of the platform g-omotry and other

ralevant param-un choun in this -r.udy au presented in

,Appendix c. -rm.s pnezom is quite similar ‘to_the design.

AKER _’rpp._ xu\ nnd Etok (1919) have presented a study, of

1
i




" “study..

R

" this gxatko'm, and the numerical findings of - the predent

study are mmpared wn.h “their results,’ The diameters. of “the

columns are 16 m and’ the spacing of the corner columns is 70

The length 'of t.he pont‘.oons 13 54 m, and the dimensions Of

the hull aectxon are 13 x 9.5 m. ' In the. pisent study 'the

rectangular section has'Been replaced by a tubular. section of

,equivalent area. T'he diameter of the amaller colun\ns ‘x.s» 3 5

iThe height ot the piateorm cehter of gravxty is 41, 7 m
above the base line. . The ‘operating draft:is 35 . The area
of cross sactan pqr. leg 'is 46180 mm2. and the Young s nndulus
is 2.0 x _10,“ N/m2. The added mags coefficient is taken ‘as
1.0.and the- drag coefflcient is ‘taken as 0.7." ‘The lehgtn of
the cables-is 125 m. e

A comparison of the computed values and.the added
ma:ss, >natu'ral frequencies and stiffness v'ames zeéor:e_a by
Kirk and Btok(1979) is predented in Table 1. |

The: exciting forces are compared 'with the results
presented by Hooft (1971). Figs. 13, 14 and 15 show the -

plots of surge, heave and pitch forces as compited by Hooft

‘and by the predent prograsmme. They are seén.to be. in good

agreement. -

"The results of the added mass;, restoring forces and
exciting forces are thus ‘adequately close for the present’.
;s "

The formulation of the time ‘integration scheme is

.




\(checked by analyzing a single: degres Of freedom systen -

‘both cables’ at :the uft uide simultaneouuly. The’ fre_qusn

problem with geometrical nonlinearity. The _system.has a mass

of 150 Kg - suppor:ed by ‘two springs with EA=m“ N and

" pi’etensxon of 50 N. T'he length ‘o -the" springs is 100 m ’l‘_he

nass 'is given an initial displacement of 20 m and the
’somtxon is found to be oscillatory.” THé results obtained by
the Argyria fcrmulatu)n are comparéd-with those obtained .
using €he Runqe—i(utta scheme. ¢ has been shwn in Fig. 16
that they are in very good agreement. !
Thers is no _data available for anexact cOlnPari.son
of the time histories obtained using the present formulation.

However, a chieck on the amplitudes Of the time hlstal'ies

¢ confimm that they are within an acceptable rangs of the

results obtained using the linear analysis.

.3 Parametric Study ¢ ) T

* The objective of the parametric study is to vary

the governing factors sequentially and to identify the trends

in the variation of the respondes. -

‘Since the Tesilts of a two dimensional anlaysis

“lend thenselves to ulearer interpretations,’ a planar model is .

ehosen fo: this uudy. The _waves are ‘assumed: to be
progressing in r_he aft und Eorwurd direction (mat ia

the po!itive X, axis) and the cable stiffness is vatied on
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- aft cables ‘having lOOt. 99! 95! 90% and 80% stxffness while

the forward side cables are-assumed to be intact. The
Honlinear analysis is carried sut for a regular.wave of 10.m
height and period of B's. The results of the:three planar
wotiona and the two tensions(forvard and aft) are comgited.
(i) ‘surge response . s ) B
The values of the uurge Tesponse q,m;ﬁtude operator

obtained crom the lipear analysis are preuented fcr a tange *
‘of wave periods in Table 2. Tt’can be scen r.hut tnere is
less than 1% change in the response.for wave periods below :

12 s. Even at the higher periods the change. is less’ thar 58,

" Fig. 17 shows the time history obtained from the nonlinear

anﬂlysis which' confirms the findings of the linear analysis

‘ thnt the loss of stiffenss has litle effect on surge motionss

Itis therefore infetred Ehat the surge motion is not” -
dxrecbly affeuted by the loss “of tether uc1£fness if the
_total tension remains" constant..

(ii) . Heave response : - . i

The values of the. heave regpopse ampue_uda operator

are presented in Table a. It.can>M geen thqt thex’e is

aistinct pattern in the change in the response. The heave

response .changes :from 13 '£0 35%. for T=24 s. It varies from .

1.19% to 18.94% for T=8 s. For the lower time periods the ~

% R, i ) Y ).

‘domain analysls is carried out in five cases with each’ Of the -

.
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response is neglifible. Fig. 18 gives the time history
" obtained from the fionlinesr

analysis. which 'ind)i:‘cates that the. maximum response changes by
7.76% £or a loss _of‘_\‘loi and by 15.29% for a loss of 20%..
There is a signieicape: changesin-the Heave response due.to
the loss of stiffnesg\\. The effect of rignunea}iues}s :

not’ very. pronounced

» (iii) Pitch response | .-

The values of the pitch response amplitude operator,

‘obtained from the linea% analysis are presented for a range
of pexiods in Table 4. |It can be seen that there is .an
increase of 2.5% to 27%| for T=24 5. The variation is'up to

- 13%.. Fig. 19 shows that |according to the nonlinear analysis

the maximum value changes| by 7.3% and [6% for a loss of 10%

- and_20% réspec;ively. x: is inferried that the change in the:
pitch response is most significant /and that the
nonlinearities tend to zed\me oy variation. However the.
general trend s that the loss ,of stiffness xnérease_a-thg
pitch motion in all cases. .
(iv) Tension aft’  * “\ ; _ i
’ The ‘équilibrium tensions and the response amplitude
operators obtained from the"linear analysis are tablulated
for the 5 cases in Table 5. \ The equilibrium tension changes
from =1, Y025 to--11.91%. ‘The| responses change from -.1% up to
;'v‘14t for ’('=24 8. For T=8 s the R&D changes from -.31% to
X - :

i




" Fig. 20.

~7.137% and.for T4 s the RAO chariges from -:41% to -11.29%:

The nonlinear time history shows that the maximum responsé
changes .by -2.7% and. lOi for a loss of 10% and Zol

respectively. It may be noted that, in the e periods the

response is pitch dominated, whereas in the higher periofis it

is heave dominated. The dynamics of the cable also affects

—~ 4
the tension considerably as indicated in.the time history-in®

(vi) Tension forward

The ‘values Of equilibriun tensions and the response’

amplitude operatou as per the lineaf amlysis for the five :

cases are tabulated.in Table ‘6. The equilibrium tension )

varies from .98% to 12.15%. The response. varies Efom 1. is to”

28.13% at T=24 s and" from 1.44% to 22.36% at T=B 8. The.

variation-is between .64% to 11,4% at T<4 s. Fig. 21 shows

that the maximum résponse as per the nonlinear: analysis
varies by 3.29% and 18% for ‘a loss of 108 and 20%
raapectxvely. -mi.s the ‘nonlinear phenomena have'a °
signlﬁcant sffect on the results. ﬁoviever, t)"m gene?a!

trend of increase in the response on the forward side due to

the loss of stiffness on the aft side is confirmed. = ° .

(vii) The effect of wave height on the response..-

Fig. 34 shows the effects of wave height on the

terision history in the intaﬂt uaue and Eor a petiod of 8 8.

It can :a&dily

The wave height is varied from 10 m t& 30 my




be seen that the effects hused by geome‘r.ri(: nonlinearities
are :more‘ for ‘the higher wave. ’
(vii) Effécts of wave frequency
’ Figure 23 shows the—tension variation for a wave of
10 m hei‘g‘h;‘.. The period is varied from 8 s-to 12 s. There
is ‘significaht change in the tensions both ane;emg of
amplitude and phase. ' The nonlinear effects are more
pronounced“at higher periods or lowe: freguencies. "
5.4 -Discussion .
(i) A case study - B}
Instead of reducing the stiffness on both the
Cables on the aft side the stiffness of only the aft
" starboard corner .is reduced by 108, The equilibrium tension
changes from an even value of -0.2551 x 10® N to -0.2272 x
108N on aft starboard, to -0.2617 x‘m“ N on_the aft port:and
forward starboard corners and to -0.2710 x 10% on the forward
port cotner. 5 =
) ' The ‘response amplitude operators obtained from ‘the
linear analysis. for the three motio:s are plotted ir;
Figs. 24-26. \. ;
'Fig. 24 shows that there is no change in the surge
responde. Figs. 25 and 26 show that the heave and pitch
" responses increase by about 10 to 12%. These ‘findings are;

consistent with the trends shown in ‘the parametric study.

' ~
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The result also indicates a weak coupling between: the six
degrees of freedom. This coupling effect is caused by the

asymmetry of the tether tendions. However,.for the case

‘studied-the roll and yaw are very low (these values are not

presented here) . E‘igs. 27-29 show the time histories.
obtained from the nonlifear analysis, and trey bear sut the
findings of the linear analysis. s }

‘The tension resporise - amplitude reperatazd shown in
Fig. 30 indicate a reductxon of 6%-in :)Ze aft starboatd ', o
tether which:is damaged by 108. The tension responses for ”
the ‘othet three corners are given in Figs. 31-33. The
response amplitude opera;or_ in the aft port side changes by "
gi whereas both the corners on the forward side show a change
of 208. This implies that thé platform has a .tendem:y to,
move as a planar body for a fore and aft wave regardless of "
the unequal tensions, and therefore the conclusions drawn
from the planar analysis are quplicagik}aly valid. This has
been confirmed by the results of the nonlinear amalysis s‘hown‘

in Fige: 34 and 35. It may be pointed out here’ that the way

the tension historiés are plotted is a little misleading for -

interpretation because W x -—\
a. - they indicate the tension-at a given-instant -
and. not the ‘variation of the temsion from the mean value:

b. | the sign convention adopted for the' ronlinear

analyBis takes the-tension as having a minus sign.




Finally, it may be J.nferred from this- qase study

a
-‘that’ the plahform has a tendem:y to compensate the: oss of
stiffness in ‘one corner by 1ncreasmg ‘the tensions in he

othar. three corners, with the largest share of load -going on

“the diagonally opposite side. ' However, the change in the RAD ;
does not follow this pattern. There is an -edual.and large
increase in the RAO's on the leeward side (wit‘h :espect to

the, incoming vave),.and a marginal changein- the windward

side.” : . WL
(%) . The natiral periods of the system
R
The ‘surge natural patioar at 57 s ‘is high ;above the

péridds of the prevailing sea e (neglecting sécond -

“order effects).. However, the srge response does show
- Srioraass as e wave Derisd; LEeLHoEEased.

The heave and, pitch periods are much below ‘t'.he
excitation spectrum. Since the platforn has.a very
negngime response at” ‘these peziods it is not possible to
judge if there is any shift in r)\e peaks. :

The tether fataral perioge alons itd lengthiers 4

very. low,

These ‘periods do’ not. lie in the fange of prevailing wave .

‘periodsi”. The lateral dynamics of the tethers is in the range

of the wave p'erio'ﬂs, and the results from this study have" | i

indiuated t‘nat althoug‘h it does not affect the pla!—.fam

motions, as established by Patel and Jeffries (1983),- ic dnbsv'

" since they have very small mass and.high stiffness. .
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a‘ffect the\tension histories considerably. It will be
interesting to do -an eigenvalue evaluation of the tether
natural frequencies and study the tensxon  responses in r_hat
context. . W
(iii) Limitatfcns of this study ¢

e sunseEtyind saduheions iaad or fWhe foemuzaticn
of the problem have a strong bearing-on the 1nterpretatxona
©f the results. | .

It has been assumed that t}Te total tensicn of the"
system is to remain constant for all the computations, and
all the results are only valid under this condition.

The effects of .vortex shedding by the tethers,” and
the forces caused by vind and current have not been
considered for the clarity of understanding the behavior of

the system.

The ;ssumpcian's regarding the independence of added
. mass and damping terms on frequency are questionable.
However, thé trends shown by this analysis will not be
affected significintly if these assumpiions were modified;
(1v) Relevance
T The relevanch of the study lies in its
applicability to the design and,operation of the platform.
It is hardly conceivable that a designer would
propose.a platform having uneven stiffness. However, the

.operator may have to function for limited periods of time




ether stiffriess, while-one particular tether is
ﬂne results of this study are of relevande

‘with unequai €
A

being:serviced:

in such a situation.
Attempts are being made to

xntegrlty monitaring uystems tnr otf-hara pl.acfums.

couplad glautic/rtgid bcdy analysis as d-veloped in tha
y:annt stidy can serve as a, first step in sich an effort.

evelop reliable

- © The capabilities of this programe cnn nl-o be
txund with very minor altentiom to -tudy o:har rolnted
problan such as riser dynamic- and detailed- fluid-cable

interaction studies.
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CHAPTER 6 - . i
‘CONCLUSIONS
, - A brxef summary of the study is given belo '

1. The, analytical methods for the developnenc of a

Tensicvn Le‘?latfum are reviewed.

S

Numerical ec’hemes Eqr the 11neur and modlinear .
-analysis. cf the platfnm ‘motions, - tension response and

‘lateral.dynamics of the cables are; formulatéd and xmplemem:ed

on a VAX 117780 “system.

The behavior of motion responses ana tension

variation on a.platforn with unequal tether $tiffness has
_been studied.’ It has been shown that. if the total _cens;on' o
remains constant, the surge motion is not aEfected by the

1686 of ‘stiffness, but the heave and pitch responses  are :

affected significantly. The tension responses are also

affécted directly, however, their behavlor [is nunlxnear due
to the lateral dynamxcs of the cables

4. The platform has'a tendency o compensate ‘the

loss of stiffnesd .in ohe corner'by increasing the mean

tension on- the dxagonally opposite ‘corne However; if the

‘_ ) platform is sub]ected to a wave pmgressmg along the fore’

and aft directions, then the ten!ion re!pcns'e amplitude

openton lncreaue Ln all the.intact corners. but not in’the "

ratxc uf the equumnum ‘tensions. S




(x)

(111.) %

(u) ‘The effects of wave dincuomuey on !hu

An .xp-r&mtal vurincuion of che results h
‘

cnlled for. .’

ﬁm-nm;- oight to be investigated.

feauhm,y of dnvalaping an 1nugruy =

. e I
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© Fig. 4. Details of the mooring system

Taken from Tetlow and Leece (1982)°
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\ Fig. 5 Meoring compartment

Taken from Tetlow and Leece (1932)
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Fig 6 The linear model
J.‘" global Erame of reference’
e center of gravity

fixed at

.

OXYZ indicates
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Fig. 7 The finite element model
OX¥z indicates the global frame of reference

fixed at the center of gravity
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. g Fig. 8(d) wave direction

-+



63

G _

B
@

Fig. 9

Tether Model



" Estimate Equilibrium
position, forces

Calculate added mass

and
restraining forces

% {i
[

N . Assume velocity
. - —
’ Damping forces :

Initial. freq=w ] . ot

Conpute ] i
wave, forces . :

P ———
'Form the matrix
A=(c-me?)+ibw -

i Invert A :
: Calculate Motion, Tenmsion|-

N

Fig. 10: Flov chart for the linear analysis algorithm
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. ‘Assemble Kg, c, m and
| Initial restraining force Rso

Set ry, g, rg

s iei !
L as per.initial.condition

Rp* ~Reo .'f:'zo + £(tg)

Rp = Ko Tp -C 1o + Eltg)

7 7 z =
ar = Tl (6Ry+TRG+ER) ~TR) )

. 2 . -
dr = ¥y v Iy wl(20Rg+IR) +3 TRy 2 TR, )

: 7 = wlr), m=rgrdr

1

+£(e)) ] By=Kgr; % CEp+E(t;)

odz)—c§l+f(t1) !

Ry=-RyEy = €y

Ry ==(Rgo#Kgdr)-br)+£(t, )

|— _.__‘;_ Stage ~ f

| =
& Ry=-K*nj - Cry+f(t))
! Ry =-K*r)-Ch +£(¢) )

¥ ast
 “stop Nf‘}e/‘
N

Flg. 11: Flow chart of noflinear analysis algorithm -
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', . : APPENDIX A

. HYDRODYNAMIC ANALYSIS
R

"J . Al e problem ' .

Consider a platform floating in an ocean of uniform
depth d and let the free-surface be infinitely large. Fig.

8(a) shows the floating body and defines the frame of

reference. If the flow conditions are assumed to be .,
dnviscid, ferotational, {ncompramaible and acyeilc, the" £1ow.
fleld can be characterized by a single valued velocity
Al;otel_\uql 4, such that “n
s ¥ #(x,¥,z,t) =.9(x,¥,2z) exp (iwt)

here ¢(X,Y,X) are the spatial.coordinates, t is the time
" d

instant and w is the frequency. The potential furction ¥,
can be separated into 3 parts as :
o R TR R

where

" ;cm incident wave potential in the absence of
a:

y . ¥

¥, 18 the velocity potential of the scattered waves

. E ¥ is the normalized velocity potential associated ™

+ with the motion of the body.

. All the individual potentials must uathfy tl()é

.+ Laplace equation in the fluid domain: .

-0, x=1,2 3




i
i

This équation is subject to the:following boundary

» A

conditions
(1) -on the sea floor . 3

. 2
e %-Oltz-dfoxx-l.l.:!'

[(11) on the free surface

“ Ay
A.F-_ -051::-0{0:)(-123.

|
)‘ a

| height ana: ma;;l motion . are assumed to be emall when compared |
| |
‘; with the wave ungth, water dapth and body dimensions. Hence,

| this equation'can be linearized.

Here 9 is the acceleration due to gruvity. The wave t

© (44) on the body -uzflca

Tk i :
kTl T .

" of the outward mormal ©Of the body A, A, through i, are the :
i i _The total ¢ force

gmenuud di
| on the bady is determined by using the Bernoulli equation .

derived by’ g the water over the body
sur£ace. :
| (iv) The far field condition: In order to ensure a correct
modelling of the fleld problem the velocity potential.at a
ﬁ\al.d point must tend to zero as the M-‘::um:a between that
point and the origin tends to infinity. Physically, this

i
| e
i

|
-




b 93 '
. | E o

illlpli.el that all the dilturbam:el created on the fl‘ee surface

ought' to die out in the far' £ield.’ .
\ ;

A.2  The H!droﬂmmi: Synthesis -

The colnplex structure of a platfcrm is conaidated

as an assembly of a group Of simpler bodies, whase
i
i es can be with relative sse:

y e
The rental {8 that the hydrodynamic force on

the assembled structure is equal to the sum of the' forces on

the component bodies. The interaction between the members is

ignored. For the lt!uctnre of :mtereut. the umpufiad shape }

i- taken to be an arburaruy orlentsd tubular member, as
shown in Fiqure 8(b). B
Fig ~ ;
2 i .
A.3  Theoretical Analysis 5
Hooft (1970) has suggested that the solution may be,

broken {nto 3 stages.
The hydrodynamic £orce on an oscillat_ing nody | in’

stage 1:

still vater is given by B
s - ~ : . o
Fy - p g ds ' =
s . )
in which p is the pressurg and S is the surface of the body.

* This ‘is expressed as
Moo f | i
FHj-k-Ei.kj Ty by ry ¥ oyry) for =16

vhere ry is the motion of the body in the jth mode




-~

94 ’ i

35" “Re 5 1S ¥yn,da , is the added mass

'\akj = Im o] ¥yn,ds -, is the hydrodynanic danping

\

\r

€y 4 = Hydrostatic restoring force coefficient 5

9y Re and Im denote the real and imaginary parts of 2

the integral.

Stage 2: The force on a fixed obstacle in waves.is.given by
i

e 5 A R T AT

)

. . ¥
3 . . 5 - o
¢ = Welifey ms = 11 8y 2, a1 ;

{ E o

o where ‘¢, the incident wave’potential in the wave coprdinates

i £ /.
(see Fig. 8(c)) given by 4

"ne

! exp (Kx — wt)

= Wave amplitude

= Have number

uy = cosh (x+a)/cosh (kz) C !

. w = Prequency of excitation

; tage 3: After combining the £irst two sthges it can be
s shown that the total hydrodynamic force on a slender member

can be expressed as




= ag | {
é . exp(iwt) ’ 5 i
. Li—.— T(ogy My + aKj) - by awl

i where . s

| ' : TGy =L AfK= 3, =0 if K&j .

g .

| * 'mgy =Mass or moment Of inertia of the body )
b . ;

\ % ) , oy = Mded niss - . » . |
e e e s fuampinq coetticient ' : 7y
| Ttngs been assuned’ that the added mass and the damp»q s

| coef icients are independent f the frequency, Except for,
the Rroude-Kriloff force this equation is identical to the

so-called Morison's equation, Froude—Kriloff force is the

undisturbed pressure force that arises from the pressure over
the WLl in & vave that has mot begh disturbed by the hull.
-~ The validity of this equation is limited to Menser saels
whose diameter is less than one—fifth of the wave length.
e The paper by Hooft (19'{1) gives the detailed
o . ‘equations for the conputation of added mss, damping forces,
hysrostatic restoring forces and the wave excitation forces.




e . - s g

" std£€ness. matrix are presented here.. - i

i 96 g = : |
, | P | :
R " . v P
. p « |APPENDIX B - ¢ ;

THE_STIFFNESS COMPUTATION %

B.1" The Linear Stiffness Hatrix-

. R —
The equations of the $tiffness of 4 cable, whose

end coordinatds ars 0(x0,y0,z0) and. Blxb, yb,b) respectively, - ;
have been derived. T is the pretension in the cable, L is A

il VaBGth, BA4 e Yoiss's WAMIEE 6L £HE ALY BREN fis |
the area of crossection. ' The cable geon;etry ig“‘shwn in /

Fig. 9(a). the center of gravity of the structure is: at

calxg,yq.2g) . The eqiations for the elements Of, the

K

i=1,2,3

T EA-T
i T Pnf( . ) (B-0)

T ; 5 . e
KoL u“-(yo—yq)Kaszo—zg)KZj | . . {
. For #=1,2,3,..,6 |
B K51=E usj-(zo—zq)Kinxo—xq)Kaj . D
Kgi= = U ~(x0-x9)K,, +yo—yg)K
65" L U6y e s )
where ) 2 . . .
p11=p22=p33f1 12"15=u:r-zgl 2 g=(yo-yg) =

upzs-xo-xg Pyy=-(zo-1g) Py =yo-yg = Py=—(xo-xg) '’

x0-Xb

=yoyb 0= z0-zb  *

Qf(zd—:q)(yb-yo) =, (yﬁygi(zb—ZOI

Qg(x0-xg) (zb-z0) — (z0-2g) (xb—x0)




fmenins V,;_,.,.;A<

‘.

{n Dy=-(x0-xg) (xb=%0) + (zo-zg) (zb-20) 2

x0-xg) (xb-xo) = (xa-xg) (yb-yo) £

——(zo—zg)(zb—zo) + (yo-yg) (ypb-yo)

U s=(x0-xg) (yb-yo) .. I

Uyg=(x0-xg) (zb~z0) .
L. Ugg=(yo-yg) (xb-x0) v 3
. * U56=(yo—yg)(.zb—zo) ) =g L
& Ugg=(zo-zg) (xb-xo0) : . A .

Ugg=(zo-zq) (yb-yo)~ o Tw o F

Ugg=(¥o-yg) (yb=yo) + (xo-xg) (xia~xb_)

B.2 Nonlinear Stiffness Matrix of a Beam Element

The concepr_ of the stiffness matrix of beam element

“subjected to large displacements wab developed b)g Turner et

a1.'(1959). This paper derived a new class of stiffnesa &

matrices for axial force members. The new stiffness matrix

was shown to be gependent on the state of stress existing in .
“tne ‘member prior to the igeosition-of additional ¢
disturbance.
Martin (1966) has présented.a detailed formulation
“0f the beam-column_st4ffness based on the energy” principles
in’nonlirear mechanics. Two sources of nonlinearity exist

£off the large deflection problems.: The' first one”is
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connected withthe strain-digplacement eguations. Even if

strains remain small, rotation of the element adds nonline;x

terms to the strain-displacement equacions. It has been

shown that if these terms are omitted, the derivations shall

not yield the geometric stiffness. The second source of

nonlinearity exists with respect to the equilibrium .

eéuntinns. If the equations, at each step, are written with
- reéspect to the deformed geometry, the formulation in effect

becomes nonlinear. Nonlinearity caused by material behavior

is not considered in this formulation. The. total stiffness ’
paEEEE is-expressed as ' i
! KD = [Kg] + K] - y
where [K]'is the total 'E/tiiffnesa matrix of the beam, [Kg] i
the elastic stiffness matrix and [K;] is the geometric
stiffness matrix. X
* . The well knovn elastic stiffness matrix is shown
for ‘a beam element with .12 degrees of freedom in Fig. 12.

It has been shown that the geometric stiffness of a
" beam element may be approximated by the geometric stiffness
of a truss element. For a plane truss with axial
aisplacements. V1, V2, rotations o), 9, length L and with a
pretension of T, the geometric stiffness matrix is given by °

J . ¥ g et

o

~




w1 - o1
6/5!
Ixgl='T |/1/1

2n/5

62

symmetrical .
14

-6/5L  -1/10  6/5L

N
120 -L/30 -r/10L  2L/5

The basis of the apj

on that the c

stiffnes of a beam is identical to the geometric stiffness of

a stringer is the physical reasoning that a beam-column may

‘be viewed ‘as a member having distinct
stiffness, and the axial stiffness is
equivalent stringer. Furthermore, it

loading which will have a significant

bending and axial

entially that of an i

is the initial axial,

influence on the

overall stiffness against transverse loads, as has been

borne out in a number of numerical studies. The smaller

terms in the stringer stiffness matrix are ignored to arrive

at the very fimiliar matrix for [K].
\

v1 v2
. kg1 = T/L ~T/L
-T/L T/L

This approximation is valid only if a large number

Of element are used to approximate the deflected shape.

. P
The stiffness matrices discussed here have been

expressed in the local frame of reference. They have to be

transformed to the global frame of r.l.rcncc before

assenbling the ‘system equatjon.

ussagiis
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©-35.0.-35.0, u '7,-35.0,

'36182000.,0

: 100

APPENDIX C
.. INPUT FOR THE PROGRAMME TLPL

12,1.02503,9. mbo
-35.0, 3s. .7,-35.0,
3

35.0, 35.0,41.7, 35.0,
35.0,-35.0,41.7, 35.(
-35.0, * 0x0,35.7,-35.0,
.0,29.2, 0.0,
0.0,-35.0,29.2, 0.0, 3
35.0, 0.0,35.7, 35.0,
-27.0, 35.0,35.45,27.0,
-27.0,-35.0,35.45,27..0
-35.0, 27.0,38.7,-35.0,
35.0,-27.0, 3a 7, 35.0,

0.,36182000. ,o 0.,0.,0.,

+40.,0.,0.661D11,
o.,o..o.,u.,o..o 867b11"
0.,0.40,0.53,0.01,6.7,166.7

-35.0, 35.0,166.7,-35.0, 35.0,41.7,9.236D09;}
-35.0,-35.0,166.7,-35,0,-35.0,41.7,9.236D09,
35.0, 35.0,166.7, 35.0, 35.0,41.7,9.236D09,
35.0,-35,0,166.7, 35.0,-35.0,41.7,9.236D09
70.,76.,162020000.,354950000. |
3.460-02,0.04,0.00001,0.1D-5 .




v~ /
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c * 7 INPUT FOR THE PROGRAMME TLP2 : :

c lIlPU!‘ ON UNIT 10

"ANALYSIS OF A TLP (HAvn-loH 8 S, WATER DEPTH=160M)
37 0,32,32,0,120,0.5,0.0D0,6

.10D-15,1,1

0.0, 0.0,
35.0, 35.0,
35.0,-35.0,

.0, 35.
-35.0,-35:0,
35.0,-35.0,
35.0, 35.0,
-35.0," 35.0,

35.0,143.2,0
35.0,157.7,0

35.0,-35.0,157.7,0
35.0, 35.0,157.7,0

s -7
0.69D08,0.78008,0.529D08,1.3D11,0,97D11,0.87D11
D.SiZD07,0.SD—D7,0.252\1“7.0.769011,0. 19p12,0.167D12

12,0.,0.785,10.,6.7,166.7,354950000. ’

-35.0, 35.0,41.7,-35.0, 35.0, 6.7,16.0,

-35.0,-35.0,41.7,-35.0,-35.0, 6.7,16.0, Gty
35.0, 35.0,4 35.0, 3310, 6.7,16.0




" [ 3 . g . p
. /
35.0,-35.0,41.7, 35.0,-35.0, 6.0, ,
-35,0, 0.0,35.7,-35.0, 0.0, 3.5, g +
- a.o 35.0,29.2, 0.0, 35\0, 3.5, .
0,-35.0,29.2, 0.0,-35.0, 3.5,
" \/35.0 ,35.7, 35.0, 0.0, 6.7, 3.5,
. ~27.0, 35.0,35.45,27.0, 35.0,35.45,12.0, )
5 o -27.0,-35.0,35.45,27.0,+35.0,35.45,12.0,,
-35.0 27.0,38.7,—35.0.—27-0,38.7, 6.0, ! o
35.0,-27.0,38.7, 35.0,°27.0,38.7, 6.0

0.692D08,0.0D0,-0.851D09, .

. 0,0D0,0.52908,0.0D0, - : .

f -0.851009,0.000,0.938D11 . :

0.512D07,0.0D0,03 00, T \/ s
. 0.000,0.252007,0. 000, . L

0 000,0.000,-0. 366012 -

:ooo,,q. . A . <

9.236D09
9.236D09 3 g
9.236D09 a . =

9.236009 " <

. -0.2551p08
; =0.2551D08

-0.2551D08 5 Ji . :
551008 . . " o i

%
C INPUT ON UNIT 11

0.04618,0.04618,0.04618,0.01,0.01,0.01 5
0.04618,0.04618,0.04618,0:01,0.01,0.01 E B
. 2,76, 1,1,1,000000,000000,0 - 3 \
7, 1,1,1,000000,000000,0

8, 1,1,1,000000,000000,0 .

9, 1,1,1,000000,000000,0 * ° Lo .
,1,000000,000000,0 .

1,000000,000000,0 . ,

000000,000000,0 .

,000000',000000,0 i
,000000,000000,0
,000000,000000,0

1

1

1

1,00 -
1,000000,000000,0 ' .
1

1

1

1,000000,000000,0 :




[

16,17,21,"
17,18,22,
18,19,23,
19,20,24,
20,21,25,
21,22,26,
22,23,27,
23,24,28,
24,25,29,
25,26, 30,
26,27,31,
27,28,32,
28,29,33,
29,30,34,
30,31,35,
31,32, 36,
32,33,37,

S1y1
S
S5
1,1
skl
St
Shil

000000, 000000, 0
000000, 000000, 0
000000, 00000030
00000, 0
000000,000000, 0
000000, 000000, 0
000000,000000,0
000000, 000000, 0
000000,000000,0
000000,000000,0
000000,000000,0
000000, 000000, 0
000000,000000, 0
000000, 000000, 0
000000,000000,0
000000, 000000, 0
000000,000000,0

i
i




X OUTPUT OF PROGRAMME TLPL

MOTION ANALYSIS OF A TENSION LEG - PLATFORM
: CEOMETRY OF THE IMMERSED SECTIONS - Lo
i - ) . . » 4
i ., MEKBER I th NODE . J th NODE . DIA
4 3 # X ORD Y ORD 2z ORD - X ORD Y ORD z ORD
42.04518 -35.00 35.000 7.04518 16.0
42.04518 -35.00 -35.000  7.04518 16.0 -
42,04518 35.00 35.000° 7.04518° 16.0 s
42.04518 35.00 -35.000  7.04518 .16.0
36.04518 -35.00. 0.000 ' '7.04518 3.5 i

# 29.54518  0.00 35,000 7.,04518 3.5
. 29.54518  0.00 -35.000 .7.04518 3.5
36.04518 0 ' 0.000 7.04518 3.5 ¢
35.79518 27.00  35.000 35.79518 12.5.
., 35.79518  27.00 -35.000 35.79518 12.5
39,04518" -35.00 -27.000 39.04518 6.0
39.04518 35.00 27.000 39.04518 6.0
ALL DIMENSIONS IN METERS )
- g . # ’ HYDROSTATIC PROPERTIES i
. . DlSPLACEHHﬂ - 45446.8CUBIC METERS .
c6 -7.045 METERS ABOVE MEAN WL o
BG =  -28.704METERS
TOTAL WEIGHT = 0.334950E+09NEWTONS .
TOTAL TENSION = 0.102029E+09NEWTONS .
T OGH AT 45446, scuuc nuus(uuuour uruns)
N GH(T)= -6.51METER
LGM(L)= =6, smuus
i . MOTION TRANSFER FUNCTIONS .
o ° . ARRRRANARARRARAARARRSRANS
v . s
WAVE HEADING = 0.00 DEGREE . 3

W T SUI\G! SWAY HEAVE ROLL PITCH YAW
P TF P TF P TF

0. 90. ,00050 18. 0.
o 0. 90. .00049 18. 0.
0 0. 90. .00049 19. 0.
0 90. .00085 -90. 0. 90. .00049 19. 0.
0 90. .00006 -90. 0. 90. .00048 20. 0.
0| 0.
0| 0
0;

.64 195. 0
1635 194. 0
.616 194. 0
1596 194. 0
+576 194. O
0
0
°

+5585 193, 90. .00070 90. 0. 90. .00047 20.
+534 193,

<47 13.4 .512 193.

90. .00143 90. 0. 90. ;00046,20. 0.
) 90. .00213 90. O.- 90. .00045°21. 0.

JErE e —




+48713.1 .490 193,
.49 ,12.8 .467 192.
.50 12.6 444 192.

«52 12.1 .396 192.

0.0
0.0
0.0
+51°12.3 .420 192. 0.0
0.0
0.0

+53 11.9 .372 192.

W T

TENSION RAO
0.40 15.708

0.53 11.855

105

90. .00279
90. .00341

90. 0. 90...00044 21. 0.

90. 0. 90. .00042 21. O.
90. 0..90. .00040 22. O.
90. 0. 90. .00038 22. 0.
90. 0. 90. .00036 22. 0.

00 DEGREES

F$
0.2551E+08

0.13BLE+07
0.1350E+07
0.1317E+07
0.1282E+07
0.1245E+07
0.1206E+07
0.1165E+07
0.1121E+07
0.1075E+07
0.1027E+07
0.97738+06
0.9256E+06
0.8730E+06
0.8196E+06

90. .00400

90. .00454

90. .00505

90. Q4552
TETHER FORCES
ARRRRE AR AR
WAVE HEADING = Q.

EQUILIBRIUM TENSIONS IN NEWTONS
AS AP $

0.2551E+08 0.2551E+08

IN N/M )
0.1231E+07 . 0.1231E+07
0.1235E+07  0.1235E+07
0.1239E+07 0.1239E+07
<1241E+07  0.1241E+07
~.0.1242E+407 0.1242E+07
0.1241E407 0.1241E+07
0.1237E407 0.1237E+07
0.1229E407  0.1229E+07
© 0.1218E+07 0.1218E+07
0.1203E407 0.1203E+07
0.1185E+07 0.1185E+07
0.1162E+07 0.1162E+07
0.1135E407 0.1135E+07
0.1103E+07 0.1103E+07

«00034 23. 0.

FP
0.2551E+08

0.1381E+07
0.1350E+07
0.1317E+407
«1282E+07
0.1245E+07
0.1206E+07

0.9773E+06
0.9256E+06
0.8730E+06
~B196E+06




y ) . C o
" OUTPUT OF THE PROGRAMME TLE2
ANALYSIS OF A TLP (WAVE=10M,8 S, DEPTH=160M)

RESPONSE HISTORY e
AaRaEALARRARRARR 2 ]

TIME SURGE . HEAVE PITCH
: | IN.SEC IN M IN M . IN RAD
| 20.50 . 0.189717° +  0.003300 -0.001028
21.00 0.168246 0.009102 -0.000911
21.50 0.124778 . 0.013757 -0.000676
22.00 0.065106 0.016474 -0.000352~ -~
| 22.50 -0.002123 0.016734 0.000012
| 23.00 -0.066664 0.014382 0.000361
23.50 -0.118228 0.009671 0.000640
| 24.00 -0.148122 . 0.003237 0.000801 |
| 24.50 . -0.150700 -0.003982 0.000815
| 25.00 -0.124401 -0.010887 0.000673
25.50 . -0.072161 -0.016381 0.000390 .
26.00 -0.019546 0.000006 =
a 26.50 -0.019793 -0.000424
27.00 -0.016971 -0,000834 ° f
27.50 -0.011403 - -0.001159 {
28.00 - . '0.248482 -0.003855 -0.001346
| ! ! =
TENSION HISTORY !
ARRARRARRRRRARS
TIME AFT S APT P FOR P FOR S

20.50 -0.2322E+08 -0.2322E+08 -0.2826E+08 -0.2826E+08
21.00 -0.2391E+08 -0.2391E+08 -0.283BE+08 -0.283BE+08
21.50 -0.2481E+08 -0.2481E+08 -0.2813E+08 -0.2813E+08
22.00 -0.2580E+08 —-0.2580E+08 +2753E408 -0.2753E+08 ¥ N
22.50 -0.2671E+08 -0.2671E+08 -0.2665E+08 -0.2665E+08 X f» e

23.00 -0.2740E+08 —0.2740E+08 -0.2564E+08 —0.2564E+08
. 23.50 =0.2776E+08 -0.2776E+08 -0.2462E+08 -0.2462E+08

24,00 -0.2770E+08 -0.2770E+08 -0.2377E+08 -0.2377E+08 e

24,50 -0.2723E+08 -0.2723E+08 -0.2323E+08 -0.2323E+08" /

25.00 -0.2640E+08 ~0.2640E+08 -0.2310E+08 -0.2310E+08 \ .
25.50 =0.2531E+08 -0.2531E+08 -0.2340E+08 -0.2340E+08 .
26.00 =0.2416E+08 =0.2416E+08 =0.2413E+08 -0.2413E+08"
26.50 =0.230BE+08 -0.2308E+08 -0.2516E+08 -0.2516E+08 '
27.00 -0,2227E408 -0.2227E+08 ~0.2637E408 -0.2637E+08
27,50 ~0.2186E+08 ~0.2186E+08 -0.2756E+08 -0.2756E+08
28.00 -0.2194E+08 -0,.2194E+08 -0.2B855E+08 ~0.2855E+08
ELAPSED TIHE IN SEC , FORCES IN NEWTONS ,

rese
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APPENDIX D

. PROGRAM TLP1

c
c
c
c
c

THIS PROGRAMME CARRIES OUT A -FREQUENCY DOMAIN ANALYSIS
_OF A TENSION LEG PLATFORM

ona

o

a

« 1G=XG

IMPLICIT REAL *8(A-H,0-2)
IDIMENSION XI(50),¥1(50),21(50),D1(50),AH(6,5),XT(4),
2YT(4),AWP1(50),A2M(6,6),A2(6,6,Q1(21,8),QQ(8),2T(4),
3XM(4),YM(4),C(6,6),F1(6),F2(6),BM(6,6),DAD(21) ,ASS(21)
4,ZM(4),XF(4),YF(4),ADI(21),B(6,6),A4(21,6,6),XJ(50),
5B4(21,6,6),82(6,6),P1(6),P2(6),YJ(50),2J(50),AAA(6),
6ARE (6),AIM(6),AP(50)ZF(4), TCL(4),TC2(4),DIF(6)
COMPLEX*16 V1(6,6),Y2(6,6),FV(6,1),DIS(6,1),
1 XMM(L),YMM(L),ZMM(1),RMNC, THNC, ZHKC i
PI = 0.314159D 01 . :
READ THE BODY GEOMETRY
M IS THE TOTAL # l)l’ MEMBERS ,(llIT LE 50), READ T&E Ith AND
Jth CO-ORD.C,POINT’ J suouw BE O THE FREE SURFACE
READ. (1,%) ¥
READ' (1, -)(xul) YI(1),21(1), xJu) vI(1),23(1),
1DI(1),1=1,H)
READ THE MASS MATHIX ¢ &
- (READ (1,*) ((AIM(1,J),J=1,6),I=1,6) .
READ “THE WAVE ANGLE IN nzcnus ngq RANGE ,DEPTH OF CG
READ (1,*) DE,WI,WF,W E
CALCULATION OF' THE amnosunc norzanzs

WRIT .
vumu(lul //Il/l/l/ 25X%,45(1B*), /25X, 'uonon ,
1'ANALYSIS OF A TENSI LEG - PUATFORH' , /25X
245(18*),////25%," GEDHBtR! OF THE lnnlkszn s:crlons'
~ 3//,5%, "MEMBER " ,15X," I th NODE',20X,' J th NODE',
410%,'DIA',/ 10X,% X ORD',5X,' Y ORD',5X, 'Z ORD',SX,
5' X ORD',5X,' Y ORD',5X,' Z ORD')
(. READ(1,*) (XF(I), YE(T),2R(1), xr(n ¥T(1),21(1),
¥ ucx(x) I=1,4)
I=1,4
5 xu(x)-xr(l) P
T YM(I)=YT(1)
ZM(1)=2ZT (1)
TC2(L)=DSQRT ((XT(I)-XF(I1))**24(YT(I)-YF(I))**2+
1 (ZT(1)-ZF(1))**2)
s DIF(I)=0.0D00
DIF(5)=DIF(4) \
DIF(6)=DIF(4)

AS = TCL(1)/TC2(1)
AP = TC1(2)/TC2(2)
FS = TC1(3)/TC2(3)
FP = TCL(4)/TC2(4)
XG=0.0D00

ZG=XG

| =




E . . CALL ZQL(AS AB,FS;FP,THA,PLL,DCV,HEIGH) -

i . DIF(3)=DCV B
IDIF(4)=THA, i P
DIF(5)=PLI e .

. D020 I=1,H .
CALL NEWCO(T,DIP,XG,¥G,26,X1,Yi,21) L.
o CALL NEWCO(L,DIF,XG,YG,2G,XJ,YJ,2J) B B
& 20. CONT INUE e
WRITE (2,2) (I, xx(u ¥a(n, 1(I),x3(1), YJ(I).
23(19,01(1),1-1,%)
FORMAT(5X,15,F10.5,F10. $5,F10.5,F10.5,F10.5;
F10.5,F10.5)

s

WRITE, (2,3)
WRITE (3,8)

3 PORMAT (5X, ' ALL DIMENSIONS IN WETERS'

8' . FORMAT(/ ' SYSTEM MATRICES :',//,' mss bISRI

- BUTION MATRIX')
e - . " CALL WR(S, 6 JALM)
DO 30 I=1, 5
. . . CALL HBHCD(I DIF,XG,YG,2G, X4, m 2M)
L. . .30 ' CONTINUE .
. HWC=HWC -DIF(3) .
BT =HT+ DI¥(3)
; HTL =(0.102D01)*HT.
* | . . HT2 =(0.098DOL)*HT
T AWP =.0.0D 00 .
. YOL = 0.0D 00 2 § ‘
i . ZMOP = 0.0D 00 .
. . XXHI =20.0D 00 .
AN YYMI = 0.0D 00 - g
CTX =0.0D 00 . . . »
- €TY =0.0D 00 e 2
' U0 #0.5D00 L B 2 o
v0 =00 . -
HO. =V0 ¥ 2 E
. DO 50 Ipl,M
« .. . 1F((ZJ(1)).LE.ET1.AND. (z.vu)) GE: HZ)z.v(x)-nr
¢ CALL O(I,XI,YI,zI,XJ,YJ,ZJ,DI,X1,X2,¥Y1,Y2,21,
1 22,0,5A,88,5C;CA,CB,GC; Aun 8T, L. .
VOLA = R(D)*ALEN
266 = (21 + 22)/ 042 01
o S VOL = VOL + VOLA
' i ‘. -,  ZMOP = ZMOP + VOLA*ZGG
¥ 3 AWPL(I) = R(D) * L
3 r IF (SC.NE.0.0) AHP)\([) = AWrL(D) /nus(sc)
AWP = AWP + AWP1(I)
a CTX = CTX + AWPL(I) * X2
. 'CTY = CTY + AWP1(I) * Y2
50 | CONTINUE' B
. ZB = ZMOP/VOL e ]
Y XLCF ='CTX/AWP d 4
, YLCF = CTY/AWP
£ INERTIA OF WP ABOUT THEIR OWN AXES IGNORED -
g DO 100 I='I3H~ =




100

495

- 496

500

- 2'BG=',F10.3,

YYNI = YYMI + AHPl(I)‘ (XJ(I) = XLCE)**2 "

XXMI = XXMI + AWP1(I)* (YJ(1) - ZLCF)**2 "

CONTINUE

XXML =XXMI + AWP * YLCF ** 2

YAML.=YYMI + AWP * XLCF ** 2 .

BM3 = YYMI/VOL . . :

BMA = XXML/VOL

GH4 = -ZB + BMA

GM5 "= =ZB + BM5 . w®
- HTZR = -AT

DISPL=.VOL * RO * G

rznsxn- DISPL WELGH

WRITE

xonnnr(////l!/////zsx ' HYDROSTATIC PRORERTIES')

WRITE (2,7) VOL,HTZK,-ZB,WEIGH,TENSIN,VOL,GM4,GH5

FORMAT (//5X,' DISPLACEMENT = ',F10.1,'CUBIC METERS'
1/,5%,' €6 IS ',F10.3,' METERS ABOVE- MEAN WL'/,5X,
'METERS ', /X, 'TOTAL WEIGHT = ',E13.6,
3'NEWTONS',/5X, 'TOTAL TEN' "SION =',E13.6, NEWTBRS',
4//5X,"GH AT",F10.1, 'CUBIC METERS','(WITHOUT TETHERS)
5/ 5X, "GM(T)=',F7.2, 'METERS ', /5%, "GM(L)=", l?7 2,'"METS'

L/71725X," HOTION TRANSPER FUNCTIONS',/26X,25(10#%))

WRITE (2,7003) DE

FORMAT (°25X,' WAVE HEADING =',F7.2,' DEGREES')

WRITE (4,496

FORMAT (//25X,' TETHER FORCES', IZEX,IJ(IR').//)
WRITE (4,495)DE

DER = DE-* PI/(0.180D 03),

€D = DCOS(DER)

SD = DSIN(DER) -

-0 g

* CONTINUE

NA=0

W o= WI
UV=0.0D00
vV=Uv '
1 HV=UY
CALCULTIONS START vox FRBQ.- W

CONTINUE
WRITE (5,1002)W

DHWC = HWC-ET

CALL CAT(W,DHWC,AK,G) :
THT= 0.99999D 5 Va o '
ALOP= TMT B
IF(W.NE.0.0D 00)THT = (0 6283D 01) /W
IF(AK.NE.0.0D" 00)ALOP”=(0.6283D 013/Ak
DO 600 .1=1,6

P1(1)=0.0D00,

F2(1)=0.0D00' .

IF(W.GT.HI) GO TO 2450

DO 1000 I=1,6

DO 750 J=1,6 -




coo

a0

cnono

1000 7

B

1010

1500

i

cunnNuE . ’ .
C(4,4) = -(ZG-ZB)*G * VOL*RO. + RO * G* XXMI
c( ) = -(ZG-ZB)*G * VOL*RO % RO * G* YYMI.

MEMBER PROPERTIES LOOP

" DO 2300 I =1,

N

IF((23(1)).LE H1.AND.(ZJ(1)).GE- H2)ZJ(1)=HT

cALL 0(I,XI1,Yl,z1,XJ,¥J,2J,D1,X1,X2,Y1,;¥2,21,
22,D,54,88,5¢, CA, CB, £C ALBN BT, L) o
INITIALIZATION OF M i .
DO 1010 J=1,6 5 . e
DO 1010 K=1,6 P '
A2(J,K) = 0.0D 00 L w5
B2(J,K) =0.0D 00- . B o0 o 8
BM(J,K) =0.0D 00

CONTINUE *

CALGULATION OF THE \strounc FORCE MATRIX

€(3,3) = C(3,3) + RO ** G* AWPL(L)

C(3,4) = C(3,4) + RO * G * AWPL(I) * (Y2-¥6) -
C(4,3) = C(3,4)

€(3,5) = C(3,5) + RO * G * AWPL(L) * (X2-XG)
€(5,3) = €(3,5) - .
C(4,4) = RO * GRAWPL(I)*(Y2-YG)**2 + c(l. 1.)
C(5;5) = RO * GFAWPL(I)*(X2-XG)**2 +

C(4,6) = (RO * GRAWPL(I)*(¥2- vc)a(xz xn))+c(l~ 6)
C(6,4) = C(4,6) 2

CALCULATION OF THE ADDED MAssas
02

Dz = (22-21)/0.2D 02 .
DR ='ALEN /0.2D 02 E e
DO 1500 J=1321 *

cALL DUN(J,X1,¥1,21,DX,DY,DZ,X, ¥, Z,’I\R) . :
CALL ADHA(H Z,D, L,CM) .

'DAD(J)- = no-cn-n(n)

ASS(J) = RR*DAD(J)

ADI(J) = RR*ASS(J) . J
CONTINUE'

CALL SIMP(DR,DAD,ADD)

CALL SIMP(DR;ASS,S) o B g
CALL SIMP(DR,ADI,AID) s
A2(1,1)= ADD*CA*CA ~ ) |, ®




. 1
‘ . xc)'scnsA)

© . AZ(L,2)=7ADD*SB*SA . {
. A2(1,3)=~ADD*SC*SA
A2(2,1)= A2(1,2) .
A2(3,1)= A2(1,3)
~’A2(2,2)= ADD*CB*CB
* A2(2,3)=-ADD*SC*SB
. A2(3,2)= A2(2,3) g : b oz
Q/ X2(3,3)= ADD*CC*CC
A2(1,4)=—ADD*(Y1-¥G)*SA*SC + ADD*(Zl- zc)-sA-SI
A2(4,1)= A2(1,4)
A2(1,5)= -(S*SC+ADD*(X1- XG)'SA‘SC+ABD'(Z| 26)*cArca)
A2(5,1)= A2(1,5
A2(1,6)= -S*SB-ADDA(X1-XG)*SAMSB — ADD*(Y1-YG)¥CA%CA
A2(6,1)= A2(1,6)
A2(2,4)= -S‘SG-ADD‘(Zl—ZG)'EI'CI—ADD‘(Y1~IG)'SB‘SC
A2(4,2)= A2(2,4)
A2(2,5)= -ADD*(Z1-2G) *SBASA+ADD*(X1-XG) *SB*SC
T A2(5,2)= A2(2,5

A2(6,2)= 'A2(2,6)

A2(3,4)= S*SB + ADD*(Zl- ZG)‘SC'SB +ADD* (Y1~ !G)ﬁCC'CC 3o

T A2(4,3)= A2(3,4)
A2(3.5)= -S*SA-ADD*(Z1-2G)ASC*9A-, ADD*(X1-XG)*CC*CC
A2(5,3)= A2(3,5
. A2(3,6)= —ApD'(Xl-%‘SC_SB + ADD*(Y1-YG)*SC*SA
. AZ(4,4)= AIDX(SBASBESCASC)+2.#5*((Y1-YG)*SB +(Z1-26)
" #SC)+ADD
N 1 *(((YI-YG)*CC)**2 + ((Z1- zc)ﬁcn)"z +z *(Yl- !c)-(zl—
\ zc)ﬁsntsc)
2(5,5)= AIDA(SCASCHSARSA)+2. 454 ((Z1-2G)#5C +(X1-XG)
-SA)oAnn
#(((E1-2G)*CA)*%2 + ((X1-KG)ACO)##2 +2.%(Z1-2G)*(X1-

A2(6,6)= AID*(SCHSCHSAXSA)+2.*S*((XI-XG)*SA +(Y1-YG)
*SB)+ADD

*(((X1-XG)*CB)*#2 + ((T1-YG)#CAY#%2 42, %(X1-XG)* (Y1~
Y6)*5A5B)

A (4,6)= —AIDASARSB- sﬂ((xx XG)*8B+(Y1-YG)*SA)-ADD*((

21-26)* .
i lj‘-(xl xc)ﬁsc)h((vl-xn)tsc =(z1~ zc)'sa) = ADD*(X1-XG)*
(Y1-Y6
A2(5,6)= —AID¥SB*SC-S*((YL-YG)*SC+(Z1-ZG)*SB)-ADD*((
X1~ xc)-s

f(!l—YG)*sA)'((Zl 26)%5A ~(X1-X6)#5C) = ADDH(Y1-YG)*
(zl-zc)

A2(4,5)= ~AIDASCHSASS*( (21-2G)$SA+(KL-XG) 45C)~ADDA((
Y1-v0yus6

=(21-2G)*SB)*((X1-XG)*SB, -(Y1~ YG)'SA) - ADD*(21-2G)*

{x1-x6)
A2(5,4)= A2(4,5) Y L
A2(6,4)= A2(4,6) . ‘
A2(6,5)= A2(5,6) "
CALL MATA(A2M,A2)
. »

)
*A2(2,6)= S75A + ADDX(Y1-YG)*SBASA +ADD*(X1-XG)*CB4CB. -




CALCULATION OF THE DAMPING FORCES

oo

CALL' DAMF(L,W,CDX, CDY,CDZ,D,R0 ,G,U0, VO,H0)
ACA = DABS(CA)
ACB = DABS(CB)"
ACC = DABS(CC) E® F ey
B2(1,1)= CDXAACA®*3 1 .
‘B2(2,1)=-CDX#SB*SA*ACA 5 2 B
B2(3,1)=-CDX*SCSA*ACA .
. B2(1,2)=-CDY*SA*SB*ACE B *
. B2(2,2)= CDY*ACB**3 . )
B2(3,2)=-CDY*SCXSB*ACB

, B2(3,3)= CDZ*ACCH*3 .
i D0 1750 J=1,21 ‘
. CALL DUN(J,X1,Y1,21,DX,DY,DZ,X,Y¥,Z,RR)
DO 1750 K=
D0 1750 KKp1,6 LT, .
¢ B4(J,K,KK)mB2(K,KK) :
= Ab(J,K,KR)=B2(K, KK ) *RR Jy BN " T
1750, CONTINUE . s .
CALL PV (DR, A4,BN) . s £ .
Q2000 J=1,21 E .
CALL DUN(J,X1,Y1,Z1,DX,DY,DZ,X}Y,2,RR) ;oo g
ABX = DABS (X-X6) .
ABY = DABS(Y-YG)
ABZ = DABR(Z-ZG)
BH(J,4,1)=B2(3,1)*(Y1-YG)~ 51(2 BUCER ZG)+BH(3 iyie
ﬂsn—nu(z 1)*sc
. B4(J, 5 1)=B2(1,1)*(21-26)-B2(3, 1)~(x1»xc)+5n(\ 1y
*SC-| nn(s 1) © o
43, 6 ,1)=B2(2,1)* (X1-X6)-B2(1, 1)*(Y 1~ ‘{G)+BH(Z,1) 3
*spsnu,nnsn .
B4(J,4,2)=B2(3,2)*(Y1-YG)-B2(2 , 2)*(Z1-2C)+BM(3,2) i
*SB-BM(2, z)*

B4(J,5,2)=B2(1,2)* (2l 26)-B2(3, 2)*(X1-X6)+BM(1,2) S o
*SC-BM(3, z)' }

B4(J,6,2)=B2(2,2)*(X1-XG)=B2(1, 2)*(Y1-YC)+BM(2,2) .
'SA—BM(l 2)*sB %

BA4(J,4,3)=B2(3,3) *(YI-YG)~B2(2, 3)*(Z1-26)+BH(3,3) 1

*SB- Bu(z 3ysse
40, 2 »3)=B2(1,3)%(21-26)-B2(3, 3)*(X1-X6)+BH(1,3)
*SC- sn(a ks

B B4(J, s 3)=B2(2,3)*(X1-XG)=B2(1, 3)¥( ¥ 1-YC)+BM(2,3)

*SA-BM(1,3)*SB
BA(J,1,4)=B2(1,3)*(Y-YC) *ABY
B4(J,2,4)=B2(2,3)* (Y-¥G)*ABY
BA4(J,3,4)=B2(3,3)*(Y-YG)*ABY - .B2(3, 2)*(Z-ZG)*ABZ . :
B4(J,1,5)=B2(1,1)*(2-2G)*ABZ ~ B2(1,3)*(X-XG)*ABX :

- B2(1,2)*(Z-ZG)*ABZ
BA4(J,2,5)=B2(2,1)*(2-2G)*ABZ ~ B2(2,3)*(X-XG)*ABX *

B2(2,2)*(Z-2ZG)*ABZ

B4(J,3,5)=B2(3,1)*(2~2G)*ABZ B2(3,3)*(X-XG)*ABX~ Y
«  BA&(J,1,6)=B2(1,2)*(X-XG)*ABX B2(1,1)*(Y-YG)*ABY Ml
B4(J,2,6)=B2(2,2)*(X~XG)*ABX B2(251)*(Y~YG)*ABY




56(.1 3,6) ~82(3,2)%(X-XG)*ABX - B2(3,1)%(Y-YG) *ABY,

B4 (J,4,4)=B2(3,3)*ABY*%3-B2(3,2)¥(Z-2G ) *ABZ* (Y~
1 YG)+B2(2,2)*ABZ**3-B2(2,3)*(Y-YC) * (1-2G)*ABY

B4(J,5,5)=B2(L, 1)*ABZ**3-B2(1,3) * (X-XG) ¥ABXA (2~

, 2G)+B2(3, 3)AABX#*#3-B2(3,1)*(Z-ZG) *ABZ* (X-XG)

B4(J,6,6)=B2(2,2)*ABX**3-B2(2,1)*(Y-YG)*ABY* (X~
2 XG)HB2(1,1)% ABY#A3-B2(1,2)*(X-XG)AABX(Y-YG)

c
2000 . CONTINUE k.
) CALL PV(DR,B4,BM)

CALL MATA(B,BM)
2300  CONTINUE
IF(N.NE.2) GO TO 2450
WRITE (3,2311)
CALL WR(6,6,A2M) . $
WRITE (3,2312)
CALL WR(6,6,B)
DO 2301 J=1,6
DO 2301 K=
2301 ' B2(J,K)=0.0000.

D0 2302 11,4

AL11=DSQRT ((XM(1)-: XF(!))"1+(‘{H(I)‘YF(I))"'2+‘
(ZM(1)-2F(1))**2)

AL22=DSQRT ((XT(1)-XF(L))**2+(YT(L)-YF(L))**2+
(ZT(1)-2ZF(L))**2)

TCZ(I)=-TC1(I)*(AL11-AL22)/AL22

CALL CAB(T,XG,Y¥G,2G,XM,YH,ZM,XF,YF,2F,TC2,TCL
,AL22,B2)
2302 © CONTINUE |

.+ WRITE(3,2303) .
2303 FORMAT(' MATRIX K ROPE') = . |
CALL. WR(6,6,B2 ) .
\CALL MATA(C,B2 :
WRITE (4, 2310) (TC2(1),T=1,%4)
WRITE (3,2313 .
. CALL WR(6,6,C)
WRITE (3,495)DE
2310 ronun (' EQUILIBIRIUM TENSIONS IN NEWTONS'/,
1 19X, 'AS',11X,'AP',11X,'FS', 11X, 'FP",/13X,4(2X
2 sn 4),’ /" TENSION RAO IN Yoy VNI )
2311 'PORMAT'(' ADDED MASS MATRIX')
12312 FORMAT (' DAMPING MATRIX') A -
2313 FORMAT (' RESTORING FORCE WATRIX') .
. WRITE (3,2314) % .
2314 FORMAT ( ' COMPUTED WAVE FORCES! / ' W ',5K,
1 'SURGE',BX, 'SWAY ',8X,'HEAVE',8X,'ROLL ',8X,
2 'PITCH',BX,'YAW')
8 CALCULATION OF THE LOAD VECTOR

c
2450 D0 3500 I=1,
IF((Z3(1)) -LE.HTL.AND. (2J(1)) .GE.KT2)2J (1)=AT
D0 2525 J=1,6
P1(J)=0.0D00
2525  P2(J)=0.0D00
;




2550

2600

CALL 0(I,X1,Y1,21,XJ,¥J,2J}DI,X,X2,Y1,¥2,21,

22,D,54,58B,5C, CA,CB,CC,ALEN HT,L) -
EX1 = X1*CD +Y1#5D,
EX2 = X2%CD +Y2% .

EYl = -X1*SD + YI*CD !
j Y2 = -X2%5D + Y24CD

EZ1 = 21

EZ2 = 22 '

D3 = RO *R(D)"

AD4 [= W**2 #(D3 4RO*R(D))
DL=DSQRT ( (EX2-EX1)**2 +(z¥z-zyl)mz +(E22-EZ1)#42)
DR =.DL/(0.2002)
SA = (EX2-EX1)/DL
SB = (EY2-EY1)/DL 8
sC = (Ez22-E2l) /DL ! . ¥
CA = DSQRT((0.1D Ol)-SA**2) ¥ i
CB = DSQRT((0.1D 01)~-SB**2) ¢

CC ™ DSQRT((0.1D 01)~SC#*2) 5
EDX=(EX2-EX1)/(0.20D 02) 5 '
EDY=(EY2-EY1)/(0.2D 02). 3
EDZ=(E22- zzl)/(o £ 0%) - ca

D0. 2500 'J=1,21

CALL DUN(J,EX1,EY1, EZ1,EDX,EDY,EDZ EXX, EY, 82 hn)
TL = AK* (HWC-EZ g
T2 = A H\IGHT)"' * : .

SHL=DSINH (TL) 5

SH2=DSTNH (T2)
CH1=DCOSH (T1) T
CE = DCOS (AK*EXX)
SE = DSIN (AK*EXX)
QI(J,1)=CE*CHL/SH2
QI(J,2)=SE*CHL /SH2
QI(J 3)=CE*SH1/SH2
J4)=SE#SEL/SH2 . .

Q!(J 5)=QI(J,1)*ER '

QI(J,6)=QL(J,2)*ER

QI(J,7)=QI(J,3)*ER

LQI(J,8)=QI(J,4)*ER .
CONTINUE i .
DO 2600 JJ=1,8-
. DO 2550 J=1,21 $ b
m\n(:)-qxs I

CALL SIMP(DR,DAD,TCT3)
QQ(JJ)=TCT3 s
XDG1 = QQ(lglmkucA“z - QQ(4)*AD4RSCHSA 0
XDG2 = QQ(2)*ADA*CA**2 + QQ(3)*ADL*SCHSA \
YDG1 =-QQ(1)*AD4*SA*SB - QQ(%)*AD4*SC*SB

¥DG2 =-QQ(2)*ADA¥SA*SB - QQ(3)*AD4*SC*SB . .
" P1(1)= XDGI*CD = YDG1*SD

P2(1)= XDG24CD - YDG2*SD

E1(2)= XDGI*SD + YDGL*CD s
P2(2)= XDG2#SD + YDG2#CD .
P1(3)= -QQ(1)*AD4*SA*SC + QQ(4)*AD4*CCR*2 |
TP2(3)= -QQ(2)*ADA*SA*SC - QQ(3)*ADAACCHA*2

J




AKEX = AD4* (EZ1*SA*SB —-EYL*SA*SC)
AKEZ = AD4* (EZLASBASA +EYL*CC#*CC)
AMEX = AD4* (EZLXCA*CA +EXL*SA*SC)
AMEZ = ADA4* (EZL*SC*SA +EX1*CC*CC) .
i ANEX = AD4* (EXL*SA*SB +EYLXCA*CA) :
' ANEZ = AD4* (EYL*SCASA - EX1*SC*SB) 0

AKL = AKEX*QQ(L) + AKEZ*QQ(4) +AD4*QQ(B)*SB
AK2 = AKEX*QQ(2) - AKEZ*QQ(3) -AD4*QQ(7)*SB
. AKL = AH!X'QQU) + AD4*QQ(5)*SC - AMEZ*QQ(4)

-ADA"QQ(B§'
= AHEX*QQ(2) + AD4*QQ(6)*SC + AMEZ*QQ(3) 3
+AD4*QQ(T)*SA . a
P1(4)=AKI*CD - AM1#SD 4 5
P2(4)=AK2*CD - AM2#*SD 5
P1(5)=AKL*SD - AM1#CD 3 N
P2(5)=AK2#SD + AM24CD
. P1(6)= ANEZ*QQ(4) - ANEX*QQ(1) - AD4*SBE*QQ(5) :
ot P2(6)= ANEZ*QQ(3) - ANEX*QQ(2) - AD4*SB*QQ(6)
i D0 3000 J=1, : .
IF(ABS(P1(J)).LE . (0.05D 00))P1(J)=Q.0D 00 .
. IP(ABS(PZ(J)) LE . (0.05D oo))rz(:)-o 0p 00 /
! jy) = F1(J)+ P1(J)
n(

' 3000,

= F2(J)+ P2(J)
c i . .
4 . 3500 . CONTINUE ©
: « .
" 'CALCULATION OF LOADS DUE TO PLANE FACES

. D0 4335 I=1,
. u((za(x)).u.kn AND, (2J(1)) -GE.HT2)ZJ (1 )=HT
CALL O(I,XI,¥I,2I,XJ,¥J,2J,D1,X1,%2,¥1,¥2,21,
L. 22,D,5A,58,5C,CA, C3,CC, ALEN, BT , L) : ‘
KP = 1 ¢ .

XX=X1

YY=Y1

22-21 i

AO=RO*G*R(D ) . - -
T2 = AK*(HWC-AT) :
EXX = XX#CD +1¥*SD 1 ; :
X'SD+!Y‘CD

Tl AK'(KHC-IZ)
e K= ? b 2

IF (EZ.EQ.HT)RI=0
ACO = AOKKJ*DCOSH(T1)/DCOSH(T2)
SAK=DSIN(AK*EXK)

. CAK=DCOS (AK*EXX) ]

. PL(1)=-ACOXSA*SAK 3
P2(1)= ACOWSANCAK 3 o L
P1(2)=-ACOXSBSAK
P2(2)= ACO®SBACAK . & s -

P1(4)= P1(3)*(YY-YG) -P1(2)*(22-2G)




4334
4448

' 4335

4336,

© 4337
c

5900

5910

5915
5920

5925
5950

16000

7000

-

v

P2(4)= P2(3)*(YY-¥G) -P2(2)*(2Z-ZG)
P1(5)= P1(1)*(ZZ-2G) -P1(3)*(XX~XG)
P2(5)= P2(1)*(2Z-2G) -P2(3)*(XX-XG)
P1(6)= P1(2)*(XX-XG) -P1(1)*(YY-YG)
P2(6)= P2(2)*(XX-XG) ~P2(L)*(YY-Y¥G)
DO 4334 J=1,6 .
F1(J)=F1(J)+PL(J) °
F2(J)=F2(J)+P2(J)

IF(KP.EQ.2)GO TO 4335-

KP=RP+1 v, ——

GO TO 4333

CONTINUE ©

CONTINUE

DO 4337 J=1,6 .-
IF(DABS(F1(J)).LE.(0.05D00)) FL(J)=0.0D00
IP(DABs(rz(:)).Lz.(o 05D00)) F2(J)=0. 0opoo
CONTINUE

CALCULATION OF THE COMPLEX MOTION BQUATXQN

DO 6000 I"=1,6 N .
DO 6000 J =1,6
RA = ((~1.AW*H)*(ALM(I, J)+Azp(x I))+c(L, J))
RB = (L.*W)*(B(I,J))
IF(1.EQ.J)G0 TO 5950
IF(DE.EQ.0.) GO TO 5910
LF(DE.EQ.90.)GO TO 5920
60 TO 5950
DO 5915 K=1,3,5
IF (1.EQ.K)GO TO 5915
IF (J.EQ.K)GO TO 5915°
RA=0:0D0 3 3
RB=0.0D0 . .
CONTINUE
DO 5925 K=2,4,6
IF (1.EQ.K)GO TO 5925 -
IF (J.EQ.K)GO TO 5925 g

CONTINUE

IF(DABS(RA).LT.(0.1D00))RA=0.0D00
IF(DABS(RB).LT.(0.1D00))RB=Q,0D00
V1(I,J)"= CMBLX(RA,RB)

CONTINUE

DO 7000 I=1,6 . .
FS1=F1(I) ‘ 5 Ze
FS2=F2(1)

FV(I,1)=CMPLX(FS1,FS2) C

[l



g1
7001

6900
¢,

6901
c

7002

L]
. 7003

z7x.'nou. , 7x, ' pircH' X"

70L1

7100

; 9999

CALL RED(FV,AAA,APHT)
IF(M.NE.2) GO TO 7001

WRITE (3,7300) W (AAA(!) APHI(I) I=1, S).

AAA(6),APHI(6)

ur(u EQ. (o onoo))co TD 7002
F( 2)60 TO

n(u nz 2021) co rn 6900
NIT

CALL mvzn(vx v2) 5 -
n(u NE.2) GO .TO 6901
F(H +2) GO'T0 6901

CALL CHUL(VZ FV,0IS)

NEXT Puquaucv
WAS = .
W + wp i
NA=NA+L

[ ',5X, 'SURGE '

TF PHL!),2X,'TF')
CALL RED(DIS,AAA;APHI)
UV =AAA(L) *WAS+ UV &
VV=AAA(2)*WAS+ VYV
WV=AAA(3 ) AWAS+ WV
IF(N.NE<2) GO TO 7250
PRINTING OUT THE RESULTS
TOA=99.9

ronuu(///zsx, ' WAVE HEADING =
1/,

F5.2,

RERETIEN
YAW', / 10K, 5(",

DEGREE '

7L

IF (WAS.NE.(0.0D00))TOA= (2.0D00)*PI/NAS

LF(WAS.EQ.(0. onoo))AM(l) T.0000

7100 I=4,6,

XMM(1)=CMPLE(XT(I),0.000)
YMM(1)=CMPLX(YT (L
ZMM(1)=CMPLX(ZT(1)}0.000)

'HEAVE'

CALL TENCA(I,DIS,XG,YG,2G, XM, YHM , 244, AL1L)
AL22= DSQI\T((XT(I)—XF(I))*'2+(YT(I) YE (1))

**24(2T(1)-2F(1))**2)
TC2(1)=(AL11)*TC1(I)/AL22

WRITE(4,7151) WAS,TOA,(TC2(I),I=1,4)
FORMAT (¥5.2,1X,#7.3,4(2%,E11.4))
IF (DABS CAAA(1) ) LT. (0.10-06)) ‘AAA(1)50-0D00

WRITE(2,7200)WAS,TOA,(AAA(T),APHI(1),I=1,5),AAA(6)

PORMAT (1X,Fh.2,1X,F4.1,5(F8.5,1X,F
FORMAT (1X,P3.1,5(E9.2,F4.0),F8.2,F3.0)

IF(H.LE.WF) GO TO 500
UO=UY/NA

VO=VV/NA

HO=WV/NA "

N=N+1

IF(N.NE.3)G0 TO 499
sToP >

0),76.3)




_END 5 i
SUBROUTINES e %

INTEGRATION USING SIMPSON'S RULE
SUBROUTINE STMP(H;Q,A)

0 aocao

IMPLICIT REAL *B(A-H,0-2)
2 ¢ DIMENSION Q(21) .
. o1 el e . . .
SUK =0.0D 00
5 I=1+2 %
S J =14l .

R o= T1.42 -

SUM = SUM + Q(I) + Q(x) + (0,40 o1 * W) . ,
£ IF (1.LT.19)GO TO .

A-u-sun/(osbol) S

RETURN : el .
’ END\
FUNCTION FOR THE AREA OF A  CIRCLE
FUNCTION, R(D)

IMPLICIT REAL *8(A-H,0-Z) . e %
R = (0.314159D 01) * (D"Z)I(D 4D 01) -
RETURN §
BND E ‘ | / &
c ! "
1 i Xy 1 C SIMPLIFICATION OF THE. HEHBER FROPERTIES ) °
{Z/ { - SUBROUTINE 0(I,XI,YI,21,XJ,YJ,2J,D1,X1,%2,Y1,
© 1 . ¥Y2,21,22,0,54,58,5CCA, CB,CC, ALEN, BT, L)

IMPLICIT REAL *8(A-H,0
DIMENSION XI(1),XJ(1), ‘11(1) u(x) ZI(1),23(1), Dl(l)
\

Y

Z1(1) N . L
» D = DI(I
4 ALEN = DSQRT ((X2-XI1)**2 + (Y2-Y1)**2 # (Z2-21)%%2 )
= (X2-X1)/ALEN
= (Y2 - Y1)/ALEN
= ((22-21)/ALEN),
CA = DSQRT ( 1. - SA '* SA)
= DSQRT (1.~ SB*SB)
= DSQRT (l. - SC*SC)

-0
i i 1F'(22.EQ.HT) L =1 .
gg K RETURN 4 ) .
: ERD ' . &
c 5" .
c _SUBROUTINE INVERT FOR INVERTING A COMPLEX MATRIX




120

130

N

.S'“IIIOUTIII! INVERT(A,B)

IMPLICIT REAL -n(»\‘n 0-2) .
DIMENSION MM(6
connzxns A(G 6),AC(6), TEHP, ADE , AD, B(6:, 6)

ux = (0.10D 01,0.0D 00)
NN = 6
1F(NN-1)300,350,100

DO '110 I=1,NN

MM(I) = - 1

CONTINUE
DO 200 I =1,NN
AX = 0.0D° 00
- .

DO 130 L = 1,

IF (MM(L).GT. 0) G0 T0'130

D0 120 K = 1,

IF (HM(K).GT. o) G0 TO 120

AD ‘= A(L,K)

AY = nus(nnzu(n)) + DABS(DIHAG(AD))
1P (Ax GT(AY) GO TO 120

LD 3

KD = x : '
AX= AY £
CONTINUE

CONTINUE

AD = A(LD,KD)

ADE = AD

L =-MM(LD)

MM(LD) ‘= MM(KD) L
MM(KD) =

DO 140 J =1,NN

AC(J) = A(LD,J)

A(LD,J) = A(KD,J)
A(KD,J) = AC(J)

DO 150 K = 1NN

ACK,KD) = A(K, xn)/n
CONTINUE = g

DO 170 J=1, o g |
IF(J.EQ. xn) co 10 170 |

DO 160 K =1, .

A(K,J) = A(K.J) =~AC(J)* J(K.Kn)

CONTINUE .

AC(KD) = (-0.10D 01,0.00 00)

DO 180 K =1,NN

A(KD,K) = —AC(K)/AD i
CONTINUE .
Do z&o I=1,NN

L=

L= 1.

1P (mm.) NE.I) GO TO 220

MHM(L) = MM(I)

MM(1) = 1 h T

DO 240 K =1,NN




aa

oo

aa

ao

aa

aa

- : B
TEMP = A(K,L

DET = CDABS(ADE) .
G0 TO 300

A(1,1) = (0.1D 01)/(A(1,1))
DET =CDABS(A(1,1)) .

60 TO 300

DO 400 I=1,6 . o
DO 400 J=1,6 % N
B(I,J) = A(L,d)

CONTINUE

RETURN

END

SUBROUTINE DUN(J,X1,Y1}Zl,DX,DY,DZ,X,Y,2,RR)
v

IMPLICIT REAL *8(A-H,0-2)

X = X1+(J-1)*DX L
Y = YL#(J- 1)-n¥ -

Z = Z14(J=1)*DZ

RR-DSQRT((X-X1)*%2 +(Y-Y1)%#2 +(Z-21)4#2)
RETURN

END

SUBROUTINE ADMA(W,Z,D,L,CH) | .

IMPLICIT REAL *8(A-H,0-2)

CH=0.1D 01 :
RETURN

END ~

SUBROUTINE DAMP(L,W,CDX,CDY,CDZ,D;R0,G,U0,V0,W0)

IHPLICIT REAL *8(A-H,0-2)
CX=(0. 355D0)’RO'D’((B 0D0)/(3.0D0))*(0.314D01)**2
CDX=CX*U0

SUBROUTINE PV(H,A4,B44)

IHPLICIT REAL *8(A-H,0-2)
DIMENSION A4(21,6,6 44(6,6),Q(21)

[ b -



t DO 2 JJ=1,6
. ) bo 2°KK=1,6

DO L' Jm1,31
1 Q(3)=A4(J,JJ,KK) .
§ CALL SIMP(H,Q,AF) ¥ .
e 2 B44(JT,KK) = AF ’
4 . . RETURN -
et . END . ¢

oo

SUBROUTINE MATA(A, B)

oo

IMPLICIT REAL *8(A-R,0-2Z)
DIMENS ION A(6 6),B(6,6)
. 3 Do 1 J-L,s
. D0 1 K=1, E S
) 3 A(J,R)= A(.l K)+B(J ,K) *
RETURN .

X = L END

oo

g SUBROUTINE CAT(W,HWC,AK,G) 4 \
THPLICIT REAL *8(A-H,0-2)
SIG=(W**2)
A = SIG
T = 0.14p 01
io TK = (0.5D 00)*(A +T)
THK = TANH (@WCHTK)
IP((TR-A)/TK - $0.0001D 00)) 20,20,15
15 -IF(TR*THK -SIG) 18,20,25
18 A = TK . Y

oo

25 T = TK

sunuynﬁ\nx COMPLEX MULTIPLICATTONS
SUBROUTINE CMUL(Y2,FL,DIS)

oo

IHPLICIT REAL 'B(A-Il 0=
COMPLEX*16 V2(6,6) , n.(c 1) DISS(6,1),0I5(6,1)
. DO 200 I'=1,6" . $
biss(L,1y -Z(o .0p 00,0.0D 00)
Do 200
DISS(I, 1)-mss(1 1) +.V2(1,1) * FL(J,1)
200  CONTINUE
a D0 300 1 =1,
¥ : ., DIsS(I, 1) -blss(x 1.5
z 300 CONTINUE




5 4 RETURN. —
< r -'EED s &

c -
c PRINTING OF DATA ] ‘
SUBROUTINE WR(NN,MM,XX)

$ - IMPLICIT REAL *8(A-H,0-Z)
3 SR DIKENSION XX (NN,MM)
- . IF (MM.EQ.1)GO TO 14
WRITE (3,149) ((XX(I, ,|) J=1,HM),1=1,NN)
, 149 FORMAT,(10X, 6E10.3)
G0 TO 199
140 WRITE (3,188) ((XX(I,J),J=1,K4),I=1,8N)
188 FORHAT (10X,E10.3)
199 RETURN

END
. .oc . f
c .
SUBROUTINE RED(ZMOT,ZM,ZPHI) .
d c
1 . s
o . IMPLICIT REAL *8(A-H,0-Z)

COMPLEX*16 ZMOT(6)
DIMENSION ZM(6),ZPHI(6)
- DO 100 I=1,6
ZH(1)=CDABS (ZHOT (1))
- . IF(DABS(DREAL(ZHOT (I))) -LE.(0.1D-06)) GO TO 200
ZPHI (1)=DATAN(DIMAG (ZMOT (1)) /DREAL(ZMOT(I) ) )*
. 1. (0,5729578D02)
gt n(nnzu(zuor(l)) LTV (0. 0800)) ZFHI(I)- zrn1(1)+
1 0.18p03
G0 TO 100,
. 200 ZPHI (1)=90,0D00 ¢
= IF(DIMAG(ZMOT(L)) -LT.(0-0D00)) ZPRI(1)=-90 .00
©. 100 CONTINUE i
RETURN !
END .

SUBROUTINE EQL(AS,AP}FS,FP,TTHE,TPHI EDZ,W) .

oo

IMPLICIT REAL *8(A-H,0-Z)
READ (1,*)ALENG,ABRE,P,W,D1I,D1F,DI, n 4
; 73 IF(ER.EQ.0.O0DO0)ER=0.1D~08
co N=l
B AKL = AP +AS
AK2 = PP+ FS
AL = ALENG
3 77 AL2 = AL *(0.500)
. D1=D1I ° . /
78 ONT INUE
* D2 = P/(AR1+AK2) .
TP(AK1.EQ.AK2) GO TO 81 w2




79!
82

81
100

150

115
125

oo

oo

ca

D2=(P-AKL *D1)/AK2 N X
X=CAK2AD2%AL + W*AL2) /(P + W) A 1

IF CAKL.GT .AK2)GO T0 79

IF(X.LT.AL2) 6O TO 80

G0 TO 82 . -

IF (X.0T.AL2) GO TO 80

E = (AKI-AK2)*(( (D2-DL)*X +D1*AL)/(AL*P) —
((0.1001) /(AKL+AK2))) ~—(4.0D00)*( (AL2 -x)/.u.)”z
IF * (DABS (E).LT. (ER))GO TO 100

D1=DI14DL

‘1IF(DIF.LT .D1) GO TO LX5

GO TO 78
b1 =n2

IF (N.EQ.2)60 TO 150
N=N+1

S1=D1

52=D2° § .
TPHI=(S2 -$1)/AL .
AKL. =AS+F'S g

| AK2 =APHFP . L

AL = ABRE
G0 TO 77

53 =Dl i
54 = D2 >

ITHE=(S4-53)/AL 5 -

) /A
EDZ -(sl+sz+53+sh)l(0 4D01)
60 TO 125
WRITE (2,120) .
FORMAT(' TINPUT NOT IN EQULIBIRIUM')
CONTINUE . >
RETURN
END

SUBROUTINE REWCO (I,D,XG,Y6, Zc,xccécc,zcc)

IMPLICIT REAL *8(A“H,0-Z)

DIMENSION D(6),XCC(1),¥CC(1),26C(1)
Xc=Xce(L

YC=YCO(I)

2C=2CC(1)

DXC =D(1)+(2C-ZG ) *D(5)+(YC-YG)*D(6 )
DYC=D(2)+ (XC-XG ) *D(6)+(ZC-ZG)*D(4 ) A
DZC=D(3)+(YC-YG ) *D(4)—(XC-XG)*D(5)

XCC (1)=XC+DXC

YCC(1)=¥C+DYC . 9] ~
ZGC (1)=2C+D2C . .
RETURN

END

SUBROUTINE TENCA(I,D,XGG,YGG,%6G, XCC,YCC ,2CC,AL1)




c
c

. 7000

IMPLICIT REAL *8(A-H,0-Z)
COMPLEX*16 D (6),XcC(1),¥CC(1), ,ZC0(1) ,XG,¥C, ZC, X6,

¥G,26, TENG

XG =CHPLX(XGG  0.0D0) . \

YG-CHPLX(‘{GG 0.0D0) B

ZG=CHPLX(ZGG, 0.0D0) X

XC=XCC (1) i 05
YC=ycc(1) T

, ZC=2CC (1) 2

TENC= =D(3) + (YC-YG)*D(4)+(XC=X6)*D(5) ‘ 5
AL1= nsqn((nnnu(’rsuc))m*z + (DIMAG (TENC))*%2) . . L
RETURN g d

END

SUBROUTINE CAB(II,XG,Y6/ZG,TX,TY,TZ;BX,BY,BZ,T0,

T1,AL,CC) -

IMPLICIT REAL *B(A-H,0-2)
DIMENSION B(6,6),P1(6),C(6,6),T(3,3),CC(&,6)
DIMENSTON TX(1), TY(LY, Tz{l) BX(L)/BYCL), B2(1)
DO 7000 11,3 o =
DO 7000 J=1,3 . r =
T(1,3)=0.000 s -
T(1,1)=-1.0D
T(2,2)=1.000 . N
T(3,3)=-1.0 :
XG=-GX » 1

XT=-TX(I1) | ~ -~

B(1,6)=-(¥1-¥G) :
B(2,4)=-(21-2G) : @

B(2,6)=XI-XG A
B(3,4)=YT-YG . X
B(3,5)=-(XT-XG) . % - ! \
P1l(1)=XT-XB - .
P1(2)=YT-YB

P1(3)=ZT-ZB

PL(4)=(2T zG)'(u YT )~ (ﬂ-‘m)t(zx 2T )

b~

[




125
30

1999

7151
7150

7152

P1(5)=(XT=XG)*(ZB~ZT)~(ZT~ZG)*(XB-XT)
PL(6)=(YT~’ vc)*(xn XT)- (xr XG)*(¥YB-YT) *
DO 30 I=1,3 . s
DO 30 J=1,6 . L o
IF(I.NES1)G0 TO 23
AXT=XT
AXB=XB
Go TO 25
IF(I.NE. z)co 10 24 d
AXT=YT . B .
XB=YB * ¥
Go TO 25
AXT=2T 5
AXB=ZB ]
o(I1, J)-TD'B(!“J)/AL+((T0 Tl)/AL"3)*(AXB-AXT)‘P1(J)
CONTINUE
DO 1999 1,6 g
DO 1999 J=1,6
c(1, :)-—c(x .’
B(I,J)=0.0D0
B(4,4)m-((ZT-26)* (2B~ zr)+(vr ¥6)*(¥B- YG))
B(4,5)=(XT-XG)*(YB-YT
B(4,6)=(XT-XG)*(ZB~! zr
B(5,5)==( (XT-XG)*(XB- xr)+(zr-zc)'(zn-zr))
B(5,4)=(YT-YG)*(XB-XT)
B(5,6)=(YT-YG)*(2B-2T)
B(6,6)==((XT-XC)*(XB-XT )+(¥YT~YGC)*(YB-YT))

B(6,4)=(ZT-2G ) *(XB-XT) b ¢

0 50 J=1,6 .
C(4,J)=TO*BL4,J) /AL + (YT-YG)*C(3,J)-(ZT-2G)*C(2,J)
C(5,3)=TO*B(5,J) /AL + (ZT-2G)*C(1,J)~(XT-XG)*C(3,J)
C(6,J)=TO*B(6,J)/AL + (XT-XG)*C(2,J)-(YT-YG)*C(1,J)
DO 7060 I=1,6
DO 7060 J=1,6
B(1,J)=0.0D0
DO 7150 LA=1,4,3
LB=LA+2

DO 7150 MA=1,4,3 FE "
MB=MA-1, N .
DO 7150 I=LA,LB :

DO 7150 JH=1,3

)a(o »5)=(2T-2G)*(YB-YT)
D

XX=0. %
DO 7151 K=1,3
XX=XX + C(I,K+4B) * T(K,JM)
B(L,J)=XX

DO 7152 I=1,6

DO 7152 J=1,6
c(x 3)=0.000 .
DO 7160 LA=1,4,3

LB=LA-1

DO 7160 MA= 1,4,3
MB=MA + 2 .




i
:
i
4

o

7161

7160

126 *

DO 7160 IL=1,3 e
1= IL + LB -

DO 7160 J= MA,MB

XX=0.

Do 7161 K=1,

XX= Xl + T(K IL) * B(K+LB J)

c(
ce(l, J)-CC(I J)4KX

RETURN -
END ° B 5
-
‘
o
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ccacooa

T . % APPENDIX E
'
c TLP2
c . .
c A STRUCTURAL ANALYSIS PROGRAM FOR THE RESPONSE
- ’ [ ANALYSIS OF TLP NETWORK INCLUDING THE
c {NONLINEARITY CAUSED BY LARGE DEFLECTIONS
% ¢ i ) g
c 'OUT OF CORE MEMORY ALLOCATED ON
. ce =
c UNIT 17 LINEAR STIFFNESS MATRIX KEO FOR ALL DOF
c UNIT 18 NON LI STIFFNESS MATRIX KGO
c - UNIT 19 HYDRO STIFFNESS MATRIX KHO
C. . UNIT 20 ELE'STIF MAT POR STRESS COMPUTATION
‘c UNIT 21 GEO STIF MAT FOR STRESS COMPUTATION
c . UNIT 22 MASS MAT C 2
c . UNIT 23 DAMP' MAT
c UNIT 24 GEOHETRY .OF TOP SIDE
- ¢ UNIT 25 ELE DATA: NEL,NI,NJ,NK,
c NKODET, NKODEJ, DL ,ECON AND LM ARRAY
- UNIT 26 HYD STF NAT Kil
c UNIT 27 EL MASS MAT ELE WISE
c UNIT 28 GEO STIFF MAT ELE WISE KG1
c UNIT 29 ID ARRAY
c
c & *
- IMPLICIT REAL *8(A-H,0-Z)
COMMON/JUNK7HED (12) , HTOT
COMMON/SOL/NUNNP , NEQ, NUMEST , NDOF ,HEHB , HODEX , INPRL
COMMON/DN/N1,N2,N3,N4,N5,N6,N7,N8,89,N10,NL1,N12,
1 ,N13,N14,N15,N16
" COMMON/EL /NEGNL , NUEG, NEGL, NPAR(20)
= COMMON /MD /IMASSN, IDAMPN"
COMMON/DL/L1,L2,L3,L4,L5,L6,
’ COMMON/SEV/RO,G,P1,DE W, AK, HH HT JHWC,TOTHT
- o COMMON/NSP /NSTE, TSTART TOW, NS®ALL, NINALL NPSTE,
’ 2 RTOLI,RTOL2
c PROGRAM CAPACITY. DEFINATION
“COMMON/BL/A(8000) .
v c 1/0 UNITS
. OPEN (UNIT=10,FILE='IN10.DAT',TYPE='OLD')
' OPEN (UNIT=11,FILE='IN11.DAT',TYPE='OLD')
- g c SLOW SPEED STORAGE

OPEN (UNIT=16,FILE='016.D',TYPE="'NEW') {
OPEN (UNIT=17,FILE='017.D',TYPE='NEW')
OPEN (UNIT=18,FPILE='018.D' ,TYPE='NEW')
OPEN (UNIT=19,FILE='019.D',TYPE='NEW').
OPEN (UNIT=20,FILE='020.D',TYPE='NEW') "
“,~.. . OPEN (UNIT=21,FILE='021.D',TYPE='NEW')
a OPEN (UNIT=22,FILE='022.D',TYPE='NEW')
' - OPEN (UNIT=23,FILE
o OPEN (UNIT=24,FILE
OPEN (UNIT=25,FILE='025.D' , TYPE='NEW')

= . . 5 -




OPEN (UNIT=26,FILE='026.D',TYPE='NEW')

OPEN (UNIT=27,FILE='027.D',TYPE='NEW') ¥
OPEN (UNIT=28,FILE="028.D',TYPE='NEW') A
OPEN (UNIT=29,FILE='029.D',TYPE='NEW")

c OUTPUT FILES -

OPEN (UNIT= ¥,FILE='07.D', TYPE='NEW'
OPEN (UNIT= 8,FILE='08.D', TYPE='NEW')
OPEN (UNIT=30,FILE='030.D',TYPE='NEW')

OPEN (UNIT=31,FILE='D31.D',TYPE='NEW') .

c <

1 NUMEST=6000

MTOT=8000

c . 8 . . .

c READ NODAL. DATA . ay, B

c "y y . y

c DEFINE CONTROL POINTS

c ' A(Ll)= TENSION SIZE=4 . . #

c A(L2) =X INI NUMNP " . ; Te

c A(L3) =Y INI NUMNP ke e B

. c A(L4) =z INI NUMNP : o »

c A(L5) =X CUR.  NUMNP

c A(L6) =Y CUR NUMNP . B

c A(L7) -z cun NUMNP e : :

C / A(L8) = 4 s - £ . -

=G LA(L9)= T INL TENSION 4 .
. Nisl v

L1-RuMEST+1 ‘ 5 N

-, CALL BREADA . i F
IPRI=0 4 I Va
TT=TSTART b

READ .TOPSIDE DATA
CALL -DREAD(MEMB)
c SET INITIAL CONDITIONS
N1=1 sl
N2=N1+NEQ
N3=N2+NEQ 5
N4=NI+NEQ
CALL FAINIT(A(N1),A(N2),A(N3),NEQ) .
IPRI=INPRL :
CALL HODGEO(A(L2),A(L3);A(L&),ACLS),ACL6),, . 7
1 A(L7),A(NL),1D,NUNNP,NEQ,NDOF)
c . START STIFFNESS COMPUTATION < f
NUL=17
NUZ=18 #
NU3=19
CALL ELBEAM{NUL)

ASSEMBLY PHASE
MEMORY CONTROL UNITS
A(N1)=ro sxz:-nzqv ., e
A(Hz)-vo‘ Q . Ay . £
A(N3)=a s
A(Hh)-vl-KEPF'D Nzu . T
A(N5)=HASS INV NEQ "

i A(N6)=DAMP . NEQ ° . ¥

nooonoaa -




coonnoonaonoan

3999

‘4000

4025

4050

A(N7)=LOAD NEQ
. A(NB)=RO NEQ

A(N9)=dRO/dt NEQ

A(N10)=RB NEQ

A(N11)=dRB/dc NEQ

A(N12)=dr NEQ

A(N13)=dr.dot  NEQ

A(N14)=rl NEQ .
A(N15)=v1 NEQ P
A(N16)=al NEQ

A(N17 y=dF/dt NEQ
A(N18)=DUMMY BL NEQ
A(Nl9)'dll/dn(b)“!0
A(N20)=Rso NEQ
N4=NI+NEQ
N5=N4+NEQ L.
N6=N5+NEQ
NT=N6+NEQ
NB=N7+NEQ 3 : v
NO=NB+NEQ .
NLO=N9+NEQ -
N11=N10+NEQ
N12=N11+NEQ
N13=N12+NEQ
Nl4=N13+NEQ
N15=NL14+NEQ
NL6=NL5+NEQ
N17=N16+NEQ
NLB=NL7+NEQ . s R
N19=N1B+NEQ )
N20=NXO+NEQ X . .
N21=N20+NEQ
CREATING THE MASS INV MATRIX ~
CALL INMASS(A(N5),NEQ)' ' . U
READ THE DAMP VECTQR
REWIND 23
READ (23,%) (A(L),I=N6,N7-1,1)
WRITE (30,3999)
PORMAT(' NEQ, N1,N2,N3,N&,N5,N6,N7,N20')
WRITE (30, *)NEQ,N1,N3,N3,H4,85,86,N7,82
READ THE LOAD VECTOR FOR TATSTART AND INI GEO
DO 4000 I=N12,N12+6
A(1)=0.0D0
LB=L7+NUMNP
L9=LB+4 |
DO 4025 1-L8,L8+3
READ(10,*)A(I) o
DO 4050 I=L1,Ll+3
READ (10,*)A(I)
CALL MATMUC(A(L9),A(L1),1,0D0,4)
CALL LOADV(TT A(NI2),A(NT), A(n17) A(L8),A(LL),
MEMB,NEQ, NU
COMPUTE TRB INITIAL GEOMETRIC STIPFNESS :

- CALL GSTIF(A(L5),A(L6),A(L7),A(LL),NU2),




c INCREMENT TT ” 7 £
NEQL=3 e 5 . " ‘
R NEQ2=NEQ-NEQL = w,, g
i P . NEQ3=NEQ-15 #
" Kl=4
. K2=3 - .
K3=15 " . . J
* s NSTEP=1 * ' ’ =
TOWH=TOW /5.0 :
85 TT=TT+TOWH . sk as N
T=2%P1/W . gy )
» DO 4100 I=N8,N9-1 . -
H ¥ A(1)=0.0 s i
: J=I+NEQ
A(J)=0.0D0,

.

a - it |
. ¢ CALCULATION OF Ro oo Nt 3 ot
¢ i - GALL KADDO(A(N1),A(N20),NEQ,K1) & P
. # ! CALL MATADD(A(N8),A(N6),NEQ) e
‘ . CALL MATMUDL(A(NB),A(N2), nzq) o
. CALL MATADD(A(N8),A(N20),N “
CALL MATMUC(A(NB), A(NB).'l onu NEQ)'T
% = CALL MATADD(A(NB), A(N7). Q) ¥
¢ CALCULATTON OF dRo/ .
CALL KADDO(A(N2), A(Nﬁl NEQ K1)
L CALL MATADD(A(N9),A(N6),NEQ) . 8 .
CALL MATMUDL(A(N9),A(N3),NEQ) # &
‘CALL MATADD(A(N9),A(N4),NEQY t oo
. CALL MATMUC(A(N9),A(N9),-1.0D00,NEQ) s @ '
CALL MATADD(A(N9), A(Nl7) NEQ) LI ’ £ %
5000  CONTINUE . s -
NU3=26 -
'CALL LOADV(TT, ACN1), ACNT), A(NIT)  ACLB) ,ACLL),
MEMB, REQ,NU3) i . .
CALL MATMUC(A(N10),A(N7),1.0,KEQ g
CALL MOT (TOW,A(NL), A(m) A3, A(nu) ANLS), '
A(N16),A(N8),A(N10), @« °
CALL REIN(A(N14), A(lilS) A(Nlé) Lt TERE
CALL ZTEN(A(L1),A(L8), AunA) Au.q) nzq) 8 -
; IF(TT.LT.(2.04T)) GO TO 8000 S o
CALL MATHUC(A(N11), A(n) 1.0D0;NEQ) 4 (.
CALL MATMUC(A(N10),A(N9),TOW,NEQ) P e
CALL HATADD(ACN10),A(N8),NEQ) -
NBOOL=-1

-

-

§ MI=l
v MS=l
t CALL HATHUC(ACNZ1),A(K1),0.000,NEQ)
5 GO TO 6550 .
6000 ' CONTINUE .
oo IF(HS.EQ.1)GO TO 6050 .




CALL HATKUC(A(NZ\) A(le),—\ 0D0,NEQ)
6050 I =
~ % i 6100 1-1+1
% Ji= 1 .
. : J2= J14NEQ
¢ J3=. J2+NEQ
J4= JI+NEQ
. I5="J4+NEQ F
' J6= JS+NEQ - 5
. J7=' J6+NEQ
J8= JT+NEQ
J9= JB+NEQ
or J10=J9+NEQ o

J13=J124NEQ

d J14=J13+NEQ

B uy g J15=J14+NEQ
SR J16=J15+NEQ

» J17=J16+NEQ

2 » Q i

3 I A(J13)=(TOW/(0. lZDOZ))*(A(JS))*

I (6.0DO*(A(IB)+A(JIL0))+TORA(A(JI9)~ A1),
A(J12)=(TOW*A(J2))+(TOW*TOW/0.6D02)*(A(JI5))*

1. (0.21D2 * A(J8) + 0.3D1 *TOW* A(J9) + 9.0D0* A(JID)

2 -0D0 *TOW*: A(J11) )
A(If4)=ATIL)+A(I12)
. A(J15)=A(J2)+A(J13) . '
o2 A(J16)=A(J5)*A(J10) -
¢ : . IP(I:NE.NEQ) GO TO 6100 -
c CALL NPRI(N12,A(N12),NEQ)
IF(NBOOL.GT.0)GO TO 7000
) cer dR1/dt =-Ko.drl/dt - C.d2rl/dt2 + df(tl)ld(

6550 | CALL MATMUC(A(N11+K3),A(N6#K3),1.0D0,NEQ3)
-~ 77" CALL MATMUDL(A(NLL*K3),A(NL6+K3),NEQ3)
CALL KADDO(A(N15),A(N4),NEQ,K1)
" CALL MATADD(A(NLL+K3),A(N4+K3),NEQ3)
: . CALL MATMUC(A(N11+K3),A(N11+K3),~1.0D0,NEQ3)
J CALL MATADD(A(N11+K3),A(NL7+K3),NEQ3)
c R1 =-Rso.- Ko.dr -C.drl/dc + E(tl)
CALL MATMUC(A(N10+K3),A(N6+K3),1.0D0,NEQ3)
CALL HATHUDL(A(N10+K3),A(NL5+K3),NEQ3) X
. . CALL KADDO(A(N14),A(N4),NEQ,K1)
¢ CALL MATADD(A(N10+K3),A(N4+K3),NEQ3)
CALL MATMUC(A(N10+K3),A(N10%K3),~-1.0D0,NEQ3)
CALL MATADD(A(N10+K3),A(N7+K3),NEQ3)
CALL HATADD(A(N21+K3),A(N12+K3),NEQ3)
. CALL NEFN(A(N21),EFN1,NEQ)
IF(EPNL.LE.RTOLL) GO TO 6900
HS=HS+1
IF(MS.EQ.NSTALL) GO TO 6800 Co

1 GO TO 600
{ 6800  WRITE (6,6801) TT, EFNL




132

6801 - FORMAT(LX,' FOR TT=',F7.4,' EFNl= ',E9.2, vy
N PROG SKIPS')
o 5 c ASSEMBLE Kl
6900  NU2 !
CALL GsTIF(A(Li) A(L6),A(L7),K(L9),NU2)
NBOOL
7000 connnus . :
c RL DOT CALCULATIONS
CALL MATMUC(A(N19+K3) ;A(NL1+K3),-1. ono NEQ3)
CALL MATMUC(A(N11+K3),A(NL1+K3),0.0D0, NEQ3)
: . CALL MATADD(A(N11+K3),A(N6+K3),NEQ3)
CALL MATMUDL(A(N11+K3),A(N16+K3),NEQ3)
e . CALL KADDS(A(N15),A(N4),NEQ,K1)
CALL MATADD (A(N11+K3),A(N4+K3),NEQ3)
CALL MATHMUC(A(N11+K3),A(N114K3),-1.0D0,NEQ3)
CALL MATADD (A(N11+K3),A(N17+K3),NEQ3)
c Rl . =-Rso - Ko*.dr =C.drl/dt: + £(cl)
.. CALL MATMUC(A(NLO+K3),A(NLO+K3),0.0D0,NEQ3)
CALL MATADD (A(N10+K3),A(NL5+K3),REQ3)
& CALL MATMUDL(A(N104K3),A(N6+K3) NEQ3)
fid s . CALL KADDS (A(N14),A(N4),NEQ,K1)
- CALL MATADD (A(N10+K3),A(N4+K3),NEQ3)
CALL MATHUC(A(N10+K3),A(N10+K3),-1,0D0,NEQ3)
% CALL MATADD(A(N10+K3),A(N7+K3),NEQ3)
c ERROR CHECK - . g
CALL-MATADD (A(N19+K3),A(N11+K3),NEQ3)
CALL NEFN(A(N19+K3),EFN2,NEQ3) $
IF(EFN2.LE.RTOL2) GO TO 7899
HI=MI+1
WRITE(6,7879)TT,NSTEP,EFN2,HI,NBOOL .
7879  FORMAT(' TT=',F7.4,'NSTEP=',15,' EFN2=',E9.2,' MI=',
1

=

w 15, 'NSTAGE="',1
. : IF (MI,EQ.NINALL)GO TO 7895
G0 TO ‘6000
7895 ° WRITE(6,7901)TT,EFN2 '
7899  CONTINUE .
7901  FORMAT(' TT
8000 ° CONTINUE {
c PRINT COMMANDS P
IF(TT.GI +5%T))G0 TO sow ‘
GO TO 8100
8010  IF(TT.GT.(3.5*T))GO TO 9999
CALL TEN(A(L1),A(L9);A(N14),NEQ
WRLTE(7,8050)TT,A(NL4) ,A(NLA+1) ,A(N14+2)
WRITE (8,8060)TT,A(L1),A(L1+1),A(L1+2),A(L1+3) &
8050  FORMAT(1X,P5.2,3(5X,75.6))
8060  FORMAT(1X,F5.2,4(2X,E1%4.4))
' 8070  FORMAT(' ELAPSED TIME/IN SEC , PORGES IN NEWTONS')
| c F END OF cncuunom
8100  NSTEP=NSTEP+1
f £ IF(NSTER.GE.NSTE) G0/¥0. 9899
: : 2 c REINITIALIZATION e
IP(TT.GE.TOW) roun-:ou 3
TT=TT+TONH | :

JF7.4," EFN=',E9.2)




9999

oo

oo

oo concacocana o

cooa

CALL ‘MATMUC(A(N8),A(N10),1.0D0,NEQ)
CALL MATNUC(A(N9),A(N11),1.0D0,NEQ)
CALL MATMUC(A(NL),A{N14),1.0D0,NEQ)
CALL MATMUC(A(N2),A(N15),1.0D0,NEQ)

GO TO 5000

CONTINUE <

WRITE (8,8070)

STOP s
END . ’ :

SUBROUTINE BREADA

'IMPLICIT REAL *B(A-H,0-2)

COMMON /JUNK/HED(12),HTOT

COMMON/SOL /NUMNE , NEQ, NUMEST , NDOF, HEMB , HODE X, INPRT
COHHON/DN/N[ uz N3,N4,N5,N6,N7,N8,N9,810,N11,N12,
N13,N}4,N15,

COHHON/EL/NEGNL NUMEG, NEGL,NPAR(20)
COHHON/HD/IHASSN IDAEN
COMMON/DL/L1,L2,L3,L4,L5,L

COMMON/NSP /NSTE, TSTART TOW, NSTALL NINALL,NPSTE,
RTOL1,RTOL2

COMMON/BL/ A(8000)

DIMENSION IDOF(6)

HED IS THE HEADING AS PER FORMAT 12A6 .
READ(10,1000) (HED(I),I=1,12) .
NUMNP=NUM OF NODAL POINTS

NEGL =NUM OF LI ELE GROUPS

NEGNL=NUM OF. NL ELE GROUPS

MODEX=MODE OF OPERATION

NSTE= NO OF TIME STEPS

NDOF=NUM OF DOF PER NODE .

TOW=TIME INCREMENT

TSTART=STARTING TIME

READ (10, *)NUMNP , NEGL, NEGNL ,MEMB JHODE X, NSTE,

TOW, FSTART ,NDOF

WRITE (30,1000) (HED(I),I=1,12 ®
WRITE (7,1000) (HED(I),I=1,12
WRITE(30,1001)

WRITE(7,2000) ~
WRITE(8,2001).

WRITE (30, *)NUMNP , NEGL , NEGNL , MODEX, NSTE , TOW , TSTART
1F (NUMNP.EQ.0)STOP

IMASSN NUM OF CONC NODAL MASSES

IDAMPN NUM OF CONC NODAL DAMPERS
READ(10,*)IMASSN, IDAMPN

WRITE(30,1002)

WRITE (30, *)IMASSN, IDAHPN

NSTALL=NUM OF ALLOWABLE STIFFNESS REF PER STEP
NINALL=NUM OF ALLOWABLE INERTIA REFOR PER STEP
RTOL1=TOLERANCE ON r

RTOL2~TOLLERANCE ON R




HEBZIN it o

[

oo

X3

INPRI=INITIAL PRINTOUT STEP

INCPRI=PRINTOUT INTERVAL IN NUM OF STEPS
READ(10,*)NSTALL,NINALL,RTOL1,RTOL2, INPRT, INCPRT
WRITE(30,1003)

WRITE (30, *)NSTALL, NINALL, RTOL1,RTOL2,, INPRL, INCPRL
NUMEG=NEGL+NEGNL s
DEFINATION OF CONTROL VARIABLES -

N1 IS A DUMMY IN STAGE

N1=1

L1=NUMEST+1

L2=L1+4

L3=L2+NUMNP - 3 kit
L&=L3+NUMNP
L5=LA+NUMNP
L6=L5+NUMNP
L7=L6+NUMNP
WRITE (30,1004)

_WRITE(30,*)L1,L2,L3,L4,L5,L6,

L7
CALL BREADB(A(L2),A(L3),A(L4),NUMNE, NDOE, m;q)
CALL BREADC(A(N1),NEQ,NDOF)
FORMAT (12A6)

1001 FORMAT( 'NUMNE, NEGL , NEGNL ,MODEX, NSTE,, TOW , TSTART, NDOF ')

oo

coonaa

s e

FORMAT (' IMASN, IDAMEN'
PORMAT(' NSTALL,NINALL,RTOLL, RTOLZ, INPRI,INCPRI')
FORMAT( ' L1,L2,L3,L4,L5,L6,L

FORMAT(/// 25X, RESPONSE uxs'mu',/zsx 16(18%),/2X,
'TINE',SX,' SURGE',BX,' HEAVE',8X,' PITCH', /X,

"IN SEC', 'SX, 'IN H',10X,'iN H',9X,' IN RAD')

FORMAT (/25X 'TENS TON uxsrou',/zsx \S(un)/ 2X,
e

S

IME',9X,'AFT S',10X,'AFT B',12X,'FOR P',9X, "PoR’s")
RETURN
“END

SUBROUTINE BREADB(X,Y,Z,NUMNP,NDOF,NEQ)

CALLED BY: BREADA
OF NODAL POINT DATA AND GENERATION OF EQUATION-# AND
AY

STORING THEM IN AN ARR

IMPLICIT REAL *B(A-H,0-Z)

DIMENSION X(1),Y(1),Z(1),IDT(6),ID(6, 100) IND(IOO)
COHHON/BL/A(SDDO)

REWIND 29

WRITE(30,2000)

WRITE(30,2001)

READ(10,*)N, (IDT(I),I=1,NDOF),X(N),¥(N),Z(N),IND(N)
WRITE(30,2002)N, (!DT(K) T=1, 5) X(N),Y(N),Z(N), llﬂl(“)
DO 20 I=1,NDOF \

ID(I,N), IDI(I)

IF(N.NE.NUMNP)GO TO 10

NEQ = O Wi

DO 100 J=1, NUH!IP




DO 100 I= 1,NDOF .
N KLL=IND(J)
IF(KLL.NE.0.AND.I.LE.3)GO TO 105 .
- IE(ID(I,3))110,120,110 -
0w g 120 NEQ=NEQ+1

GO TO
L 105 1D(1, J)'ID(I nL)
e 6o TO
v i 110 ID(I,J)-O . «

8 . 100  CONTINUE .
wuu(:o 2004)(N,(ID(I,N),I=1,6),N=1;NUNNP)
RITE(29,*) ((ID(I,N),I=1,6),N=1,NUNNE)
2000 vomu(/lzan NODAL' POINT' INPUT DATA )
2001 PORMAT ‘(SHONODE, 3X,24HBQUNDARY CONDITION CODES, ux,
1 23HNODAL POINT COORDINATES /-7H NUMBER,2X,1HX,4X
2 1HY)4X, 182, 3X2HXX, 3X, 2H1Y} 3X, 2022, 10X, 1X, 10X, 1KY,
3 10X,1HZ,3X,3HIND)

2002 PORMAT(iX,14,615,3F11.3, h) C
2004  FORMAT (/llmuqunton NHH!ERS/
1 358 N X YY o zz  /(715))
. RETURN . o -
K - END
¢ .
[ b4 .
SUBROUTINE BREADC(XMN,NEQ,NDOF)
c -
; < .
3 c READS CONCENTRATED NODAL MASSES AND DAMPERS
c AND FINDS MASS AND DAMPING VECTORS
c WRITES THEM ON UNIT 22,23
b . IMPLICIT REAL *B(A-H,0-Z)
COMMON /SOL /NUMNP
COMHMON/MD /IHASSN, IDAKP
DIMENSION 1D(6,100), xrmu) XMASS (69, XDAHE(6)
REWIND 29 .
, READ (29,*) ((ID(I,N),I=1,6),N=1,NUNNP)
1F (IMASSN.EQ.0) GO TO 200
NN=6
WRITE(30,2000) g
DO 80 J=1,NEQ
. 80 XMN(J)=0.0D0
» . DO 100 IN=1,IMASSN
READ(10,%) N,(XMASS(I),I=1,NN)
WRITE (30,2001 )K; (XMASS (1), 1=1,8N),
* DO 90 J=1,NDOF
) s JI=ID(J,N) .
1F(JJ.EQ.0)GO -TO 90
g - XHN(JJ)-XHN(JJ)#XHASS(J) i
90 CONTINUE
' 100 CONTINUE "
c WRITE THE NODAL MASS VECTOR ON PILE 22
REWIND 22
WRITE(22,%) (XMN(I),I=1,NEQ)
5 t/
L
e i
* TR e

o e



NODAL DAMPING
200 DO, 215 I=1,NEQ
215 XMN(1)=0.0D0
IF(IDAMPN.EQ.0) GO TO 300
WRITE (30,2002)
DO 250 IN=1, IDAMPN
READ(L0, %)M, (XDAMP(I),I=1,NN)
DO 240" J=1,NDOF
JI=ID(J,N),
IF(JJ.EQ.0)GO TO 240 .o
XMN(JJ)=XMN(JJ)+XDAMP (J) ¥
240 CONTINUE X
250 WRITE '(30,2001) N,(XDAMP(I),I=1,NN) ‘¢
REWIND 23
WRITE (23,*%) (XMN(1),I=1,NEQ) 1
2000 FORMAT(1X,'NODAL MASS DATA' ,//3X,' NODE',6X," XMASS',
3X, 'YMASS',3X 'ZHASS ', 3X, 'XINT ' ,3X, 'YINT',3X, 'ZINT')
2001 FORMAT(I7,6E11.3) e
2002 - FORMAT(1X,' NODAL DAMPER',//3X,'XDAMP',3X,'YDAMP',
13X, 'ZDAMP',3X, 'DAMPXX',3X, 'DAMPYY',3X, 'DAMPZZ')

1300 RETURN

oo

oo

cooa

END : 5
v E :

SUBROUTINE ELBEAM(NUL) . SRy

v IMPLICIT REAL *B(A-H,0-Z) .-
COMMON /SOL/NUMNP, NEQ, NUHEST , NDOF ,HEMB , MODEX
COMMON /BL/A(8000)

COMMON/DL/L1,L2,L3,L4, LS 16,L7
COMMON/DN/N1
. CONMON/EL/NEGNL , NUXEG, NEGL, NPAR(20)

. NPAR(2)= # OF ‘BEAM ELEMENTS .
v NPAR(3)=# OF ELE PROP LINES.
NPAR(4)=# OF FIXED END MOMENTS
NPAR(5)=# OF MATERIAL PROPERTY LINES
READ(11, ‘)(NPAR(I) I=2,5)
LB=NUMNP4L] -
L9= LB+NPAR(5) %
L10=L9+NPAR(5) ,
L11=L10+NPAR(5)
L12=L11+12*NPAR(4)
L13=L12+6*NPAR(3) ‘
WRITE (31,1000)
WRITE (31,%) LB,L9,L10,L1l, uz L13, (NPAR(I),1=2,5,1)
CALL ELREAD(NPAR(2),NPAR(3),NPAR(4),NPAR(5),A(L2),
1 A(L3),A(L4),A(LB),A(L9),A(L10),A(LL12),NUMNP,NDOF,NU1)
1000  FORMAT(1X,' L8,L9,L10,L11,L12,L13,NPAR(2-5)')
RETURN *
END | e
. <




oo

5900
6000

[}
6001

6002
1

30

6003
56

SUBROUTINE ELREAD(NBEAM,NUMETP,NUMFIX,NUMMAT,X,Y,Z,
E,G,RO,COPROP,NUHNP,NDOF,NUL)

'CALLED BY ELBEAM  °CALLS ELSTLF
2)-

IMPLICIT REAL *8(A-H,0-

DIMENSTON ASA(12,12),XM(125,LM(12),T(3,3),JK(6)
COMMON/ELST1/MELTYP,MATTYP,DL

COMMON /EL/NEGNL, NUMEG

DINENSION X(1),Y¥(1),2(1),1D(6,100),E(1),G(1),COPROP
(NUMETP,6),TI(3,3),TJ(3,3),T5(2,2),0D(50),WGHT (L)
DINENSION R(12),5(12,123,c¢12),8A(12,12),R001)
REWIND, 2

READ (19 *) ((ID(I,N),I=1,6),N=1,NUMNP)
REWIND

REWIND zs

REWIND 27

REWIND 16

REWIND NU1

READ(11,*)0DC, NEXPT 5

DO 3 I=NBEAM E e
oD(I)= ODC * .
IF(NEXPT.EQ.0) GO TO 5900
READ(11,*)(1,0D(1),I=1,NEXPT)
CONT INUE

WRITE (31,6000)

FORMAT ( ' THE OD OF THE BEAMS') " /
WRITE (31,%) (I,0D(I),I=1,NBEAM)

. NN=0

WRITE (31,6001)
NN=NN+1
FORMAT( ' N G RO W') .
READ(11,*) N, E(N) G(N),RO(N) »

WRITE (31,%) N,E(K),G(N), RO(N). 1
1F(NN.LT.NUMMAT)GO TO 10

WRITE(31,6002)

FORMAT (' nzm GEOMETRIC PROPERTIES'/,'SECT AREA',3X,
'AXI.AR', ‘SH AR' » 'TORSION',3X, 'INERT')

0 30 1=1, mm

READ (11, *)(conu?(l J),J=1,6)
WRITE(31,*) I,(COPROP(I,J),J=1,6)

1F (NUMFIX.EQ,0) GO TO 56
_._WRITE(6,6003) f E
“TFORMAT (' F E DATA REQUIRED')

CONTINUE

WRITE (31,6004

) o
6004 FORMAT ('NEL,NI,NJ,NK,MATTYP,MELTYP,NEKODI,NEKODJ, ING')
3 L=0

60

~KKK=0

uAD (11,%)INEL,INI,INJ,INK, IMAT, IMEL, INELKI ,INELKJ,
7 A ¥ R

u(lnsl. NE.1)GO TO 15
NI=INI




138 %)

NJ=INJ . 9 3z /\
© NR=INK ¢ ¢ \ .
15 IF(INC.EQ- D)INC 1
65 L LeL#
+ KKK=KKK+1 . 9
ML=INEL-L

c WRITE (6,6010)L, INEL,ML
6010  FORMAT( ' L,INEL,ML',315)
IF(ML.EQ.0) GO TO
IF(ML.GT.0) GO TO 68
WRITE (6,6010)L,INEL,ML
66 WRITE (6,6005)INEL
6005 FORMAT (' ELEMENT INFO FAULTY AT',I5)

67 NEL=INEL

NEKODI=INELKL

& NEKODJ=INELKJ
. GO TO 69 3
v 68 ,NEL=INEL-ML -
- NI~IN+KKK*INCR . . . .

: .. NJ=JN+KKK*INCR ~ . . . %
69 CONTINUE % 85 . . .
74 DX=X (NJ)-X(NI) . "

DY=¥(NJ)-Y(NI) 3
¢ DZ=2Z(NJ)=Z(NI)
DL=DX*DX + DY*DY +DZ*DZ
DL=DSQRT (DL) + .
1F(DL)75,75,77 ‘ "
75 WRITE (6, euo7) NEL
. 6007 FORMAT(L5,' TH ELEMENT HAS ZERD LENGTH, »
1 'TBRMINATIONI‘

ST leTB(Jl *)NEL,NI,NJ,NK, MATTYP,MELTYP, NEKODI, NEKODJ
[ DATA PORT HOLE SAVE

ECON=E (MATTYP ) *COPKOP (MELTYP, 1) ’ t e
- LF(MELTYP. .1)Go TO

WRITE(25,%) NEL,NI,NJ,NK,NEKODI,NEKODJ;DL,ECON

FROM GLOBAL TO LOCAL

T(1,1)=DX/DL

T(1,2)=DY/DL o .
T(1,3)=DZ/DL
[ DIRECTION COSINES OF LOCAL AXES:

1
AA=AL*AL +AZ*AZ +A3*A3




4 ¥
¢ CALCULATION OF ELASTIC STIFFNESS MATRIX OF A BEAM ELEMENT
c . w

c
4+ €C7505

7665

" U2= AK*B2 - AB*A2

AB=AL*Bl +A2#%B2 +A3*B3
Ul= AA*BLl - AB*Al

U3= AA*B3 - AB*A3

UU= DSQRT (UL*UL + U24U2 + u:nun

IF(UU.NE.0.)GO TO 40

WRITE (6,6006)INEL

FORMAT(' K NODE ON THE BEAM AXIS AT ELEMENT',IS)
sToP -

CONTINUE w

T(2,1)=81/UU =
T(2,2)=02/0U t
T(2,3)=U3/yy X
T(3,1)=T(1,2)*T(2,3)-T(1,3)*1(2,2)
T(3,2)=T(1,3)*T(2,1)-T(1,1)*T(2,3)
T(3,3)=T(1, l)ﬁ'\'zrz) T(1,2)*1(2,1)
CHECK,IF NEW STIFFNESS IS NEEDED
IF(NEL.GE.1)GO TO 80

1F ((MT.NE.MATTYP).OR.(ME:NE.MATTYP)) GO TO 80

' IF((JK(1).NE.NEKODI).OR. (JK(Z).NE NEKODJ))GO TO 80

Go TO 185 |
CONTINUE _ o m
MT=MATTYP N - }
ME =MELTYP T
JR(1)=NEKODI
JK(2)=NEKODJ

M NEW STIFFNESS

“WRITE(6,7505)

FORMAT( ' MODULE ELSTIF')

DO 7665 I=1,12 v

DO 7665 J=1,12 | .
S(I,J)=0.D0_ .o

M=MELTYP

MHEMATTYP

AX=COPROP(M,1) i
AY=COPROP(H,2) . : %
AZ=COPROP (H,3) TR 2
AAX=COPROP(H,4)
AAY =COPROP'(M,5)
AAZ=GOPROP(M,6)
2Y=E (MM) / (DL*DL)
EIY=ZY*AAY X
EIZ=ZY*AAZ '
FORM THE ELEMENT STIFFNESS IN LOCAL COORDINATES
S(1,1)=E (HH)*AX /DL .
S(4,4)=G (MH)*AAX/DL

IF(AX.EQ.0.0) AX=0.1D-10

ACON=E (M) *AAY /DL
APHI=(0.12D2)*ACON/(DL*AX*G (HH))

5(2,2)=(0. lZDZ)'AcDN/(ﬂL'DL"(l 0

'
l

5(3,3)=s

(2,2)
S(5,5)mCA.0+ APHI )% ACON / (1.0 + APHI )




5(6,6)= S(5,5) : .
5(2,6)= 6. DDD'ACON/(BL'(] 0 + APHI))
221=5(2,6) .
5(3,5)=-221 g
D0 7102 1-1,6 E
J=I+6 :
7102 S(J,3)=S(I,1) ”
DO 7104 I=1,4
J=1+6 o L
7104 S(I,d)=-s(I
5(6,12)=5 (6, 6)*(2 0-APHI) /(1. 0+APHI)
$(5,11)=5(6,12
5(2,12)=221
5(6,8)=-221
5(8,12)=-221
. $(3,11)=-221
5(5,9)=221 \
5(9,11)=z21
L . DO 7106 1=2,12
R=I-1 . -
DO 7106 J=1,K . 2
7006 S(1,d)=5(d,1
c MODLFY ELEMENT STIFFNESSES AND ELEMENT F.E. FORCES
c FOR KNOWN ZERO MEMBER END FORCES P
¢

IF((JR(1)+IK(2)).EQ.0)G0 TO 7145
. D0 7140 K=1,2
KK=JK(K)
KD=100000 .
. I1m6#%(K-1)+1
12=1145
DO 7140 I=11,12
IF(KK.LT.KD)GO TO 7140 \
c SII=S(I,1) .
c DO 7125 N=1,12
c7125 R(N)=S(I,N)
c DO 7130 MUN=1,12 . y
c c(uuu)-s(nuﬂ,1)/sxx -
C. ° DO 7130 N=1)12 B
© €7130  S(MUN, “)'S(HVN N)-C(MUN)*R(N)
DO 7126 N=1,
S(1,N)=0. ono
S(N,1)=0.0D0 .
©7126  CONTINUE .
7135 'KK=KK-KD
7140 ° KD=KD/10
7145  CONTINUE
c OBTAIN SA(12,12) RELATING MEMBER END FORCES.LOCAL
c. AND JOINT DISPLACEMENT GLOBAL
c

D0 7031 I=1,12

; DO 7031 J=1,12 g <

7031 SA(I,J)=0.0E0 i . ¢
DO 7150 LA=1,10,3 f




e
LB=LA +2
DO 7150 HA-l 10,3

DO 7151 K=1,3
7151 XX=XX+S (1,K+MB)AT(K, JH)
7150 SA(I,J)=Xx

c
C ELEMENT STIFFNESS ASA(12,12) ,F.E.FORCES IN GLOBAL CO.
c
- DO @032 1=1,12
DO 7032 J=1,12
{7032 ASA(I,J3)=0.0E0 . ’
DO 7160 LA=1,10,3 : "

HA=1,10,3 i
IL=1,3 i .

J=MA ,MB

DO 7161K=1,3
7161 XX=XX+T(X,IL)*SACK+LB,J)
7160 ASA(I,J)=XX
l"“ MASS AND GRAVITY LOAD MATRICES

oo

]:xn-m(nnnr)-uﬁpuz.
0 7180 MP=
XM(MP)=XXH
XM(MB+6 ) =XXN ¢ . .
XM(MP+3 )=XXM*DL#DL/4.0D0 L .
XM(MP+9 )=XXM*DLADL/4.0D0 _ -
7180 CONTINUE
]

c WRITE(6,1005)
FORM ELEMENT LOCATION HATRIX
185 .. CONTINUE
DO 170:¥=1,6
* LM(M)=ID(H,NI)
170 LM(M+6)=ID(M,NJ)
IF(MELTYP.NE.1)GO TO 9171
WRITE(25, ')((T(I J),I=1,3),J=1,3)
WRITE(25,%) (LM(I),I=1, 12
9171 CONTINU
A NS=12
ND=12 i
c WRITE ELEMENT INFO ON TAPE
uuﬂ.(mn *) (LH(1),1=1,ND), ((ASA(I,d),I=1,N5), ' . ¥
Je1,
un'rx(z7 *)(LM(1), x-x nn) (XM(L),;1-1, u) B -
IF(NEL.EQ.1) GO TO




oa

~ao

100

150
200

5
|

IF(NEL.NE.ITOP )GO TO 255
1

+ CONTINUE

WRITE(20, *)(LH(I) I=1,12), ((ASA(T,J),I=1,12),J=1,12)
ITOP =KEL+

IF(ITOP. zq 5) 1TOP=200 " g v

CHECK POR LAST ELEMENT i
CONTINUE .

IF (NUMEG—NEL) 66, 500 260 4
IF(ML.GT.0)GO TO 4 4 -
IN=INI o f
JN=1IKNJ - N " % . |

INCR=INC

GO TO 60

RETURN

END .

SUBROUTLNE FAINIT(DISP,VEL,ACC,NEQ)

IMPLICIT REAL *8(A-H
COMMON/BL /A(8000)
DIMENSION nxsr(l) VEL(I) Acc(l)
READ(10,%) I

DO 100 I=1, nzo

DISP(I)=0.

VEL (I)=0.

ACC(1)=0.

IF(ICON.EQ. u)uo ro 200 /
DO 150 MUN=l,IC . .
READ(10, *)(IN, D't Ve, AC T «
BlSP(lH)—DISP(IH)ﬂ!T g .

VEL (IM)=VEL(IM)+VE

-Z)

* ACC(IH)=ACC(IM)+AC

CONTINUE
RET URN g . <
END E .

SUBROUTINE GSTIF(X,Y,Z,AAN,NU2)

IMPLICIT REAL *8(A-H,0-2)

COMMON/EL /NEGNL ,NUNEG

COMMON/BL /A(8000) it
COMMON /DL /L1

DIMENSION LN(12),ASAC12512),5A(12,24), 5(12,12)
DIMENSION X(1),¥(1),2(1),JK(6),AAN(1)
DIMENSION TI(3,3),T(3,3),R(12),C(12)

REWIND 21 i
REWIND 25 g

REWIND NU2 7, . . & N
ICU =0 . .
1BMU = 0
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66 READ(25,%) NEL,NT,NJ,NK,NEKODT,NEKODJ, oLO, BCON

g READ(25,%) ((T(1,3),1=1,3),d=1,3)
READ(25,%) (LN(1),1%1,12) '
10CU= IDCU + 1 -

74 DX=X (NJ)-X (NI1) \ < A ¥
D

(NJ)-Y (NI1) . B
DZ=Z (NJ)-Z (NI) J
DL=DS QRT(DX4DX + DY*DY +D2#DZ)
80 CONTINUE
JK(1)=NEKODT
JKR(2) =NEKODJ sl
c FORM NEW ST IFPNESS
D0 5 I=1,12

w

$(1,3)=0.
c FORM THE u.snut STIPFNESSIN LOCAL COORDINATES

| IBMU = LBHU+ 5
IF(IBMU.EQ- I)H'-AAI(I) ‘ m N
IF(1BMU.EQ. 2)PT=AAN(2) s ' :
IP(IBMU.EQ. J)r‘r-Au(J) e

IF(IBMUIEQ. 4)FT=A, §
IF(IBMU.EQ. 4)13MU=1 . o ¥ =
PT=FT+ ECON* (DL~ nl.n)lnv.o p

- W1=PT /DL 2

S(
C MODIFY THE. STIFFNESSES FOR KNOWN ZERO MEMBER END FORCES
u((.v:(l)ux(z)) EQ.0)GO T0 145
D0 140 K=l
KK=JK (K) . °
KD=100000 .
Il=6% (K-1)+1 o
121145
. D0 140 I=I1,I2 .

IP(KK.LT.KD )60 TO 140 g
DO 126 N=1,12 |
S(1,N)=0.0DO
S(N,1)=0.0D0 '

126 CONTINUE

135 ™ KK=KK =KD

140 KD=KD /10 .

145 CONTINUE G ¥

c
c OBTALN SA(12,12) RELATING MEMBER END FORCES Locu.
*" AND JOINT DISPLACEMENT GLOBAL

‘ DO 31 1I-1,12
" 0 31 Je1,12 . s
n SA(1,J)=0.0E0 - k.




DO 150 LA=1,10,3
LB=LA +2 -
DO 150 HA=1,10,3
& MB=MA-1
DO 150 I=LA,LB
L= DO 150.JM~=1,3
J=IM+HB
XX=0.
i DO 151 K=1,3 s v.
151 XX=XX+5 (T, K+HB) *T (K, M)
LSO SA(T,J)=XX

c 'ELEMENT STIFFNESS ASA(12,12) AND F E FORCES IN-GLOBAL CO.
I=1

Do 32 J=1,12

32 ASA(I,J3)=0
DO.160 LA=1,10,3
LB=LA-1
DO.160 MA=1,10,3 . 1
MB=MA+2 i,
Do 160 1L=1,3

Do 160_J-HA MB

- DO 161K=1,3 ol t
161 XX=XX+T(K,IL)*SA(K+LB,J) goee
¥ LF(DABS(XX) .LT.1.0D~9)XX=0.0
160 ASA(L,J)=XX
NS=
ND=12
c WRITE STIFF INFO ON TAPE
N WRITE (NU2,*)(LM(1), x \ ND),((ASA(I,J),I=1,NS),J=1,ND)
1F(NEL.EQ.1)GO TO
TP(NEL.NE.ITOP)GO ru 300
250 WRITE(21,*%)((ASA(I, J) 1=1,12),J=1, 12)

ITOP=NEL+1 —
© IP(ITOP.EQ.5) ITOP= 200
c CHECK FOR LAST ELEMENT r
300 1F(NEGNL-IDCU)500,500,66
500 RETURN &
END
¢ -
e -

SUBROUTINE INMASS(X,NEQ)

IMPLICIT REAL *8(A-H,0-2)
DIMENSION X(l),LM(12),XM(12)
COMMON/BL/A(8000)
COMMON /EL /NEGNL , NUMEG

REWIND 22
RBAD(ZZ ')(X(I) I=1,NEQ)
REWIND

00 150 x-1.nunsc v G o

¢



IF(LM(J). zq T)X(I)= x(x)+xn(J>
50 CONTINUE

100 CONTINUE
- 150  CONTINUE
\ DO 200 1=1,NEQ
g IF (X(1). zg o. o)x(l)-o 1p-13 2
200 . X(1)=(1.008) /(X(1)) ,
RETURN .
END

SUBROUT INE MATADD (X,Y,NEQ)

oo oo

IMPLICIT REAL *8(A<H,0-Z)
DIMENSION X(1),Y(1)
% COHHON /BL/A(8000) =
D0 10 I=1,NEQ °
. 10 X(I)=X(I)+Y(1)
RETURN
END P

SUBROUTINE MATHUC(Y,X,CONS,NEQ)

aa

- 7 IMPLICIT REAL *8(A-H,0-Z)
. DIMENSTON X(1),Y(1)
COMMON /BL/ A(B000) <
DO 10 I=1,NEQ
10 Y(1)=CONS*X(I)
RETURN
END

SUBROUT INE MATHUDL (X,Y,NEQ)

c -

c .

. INPLICIT REAL *8(A-H,0-Z)
DIMENSION X(1),Y(1)
COHHON /BL/A( 8000)
D0 10 I=1,NEQ*

10 X=X (1 (1)

RETURN .
END .

* SUBROUTINE MODGEO(X1,X2,X3,X4,X5,%6,X7,1D,
L NUHNP,NEQ,NDOF)

na




100

400

aa
N

a0

‘10

X5

IMPLICIT ““ﬁ/ 8(A-H,0-2)
COMMON/BL/A($000)

DIMENSION XV(1),X2(1),X3(1),X4(1),X5(1),
X6(1),X7(1)}1D(6,1)

IF(ID(Y,J)-EQ.K)X4 (J)=X4 (J)+X7(K) X .

IF(K. Gz/lS)GO TO 100
IF(1D(2,J).EQ.R)X5(J)=X5(J)+X7(K)

. IF(ID(3,J).EQ.K)X6(J)=X6(J)+X7(K)

60 /TO/ 200 3
IF(IP(L,d). -EQ. K)X4 (J)=X64(J)+X7 (K)
CONT/INUE

CONTINUE

RETURN N
END :

o

'ghnxourlus NEFN(X, CONS,NEQ)
/

IMPLICIT REAL *8(A-H,0-Z)

DIMENSION X(1)

COMMON/BL/A(8000)

CONS=0. ono

00 10 1-1,

ﬂous-x(l)*xzx)+ CONS

CONS =DSQRT (CONS )

RETURN

END ‘e

SUBROUTINE KADDS(X1,X2,NEQ,N1)

IMPLICIT REAL *8(A-H,0-2)

| DIHENSTON X1(1),X2(1),AS(12,12),LH(12)

COMMON/EL /NEGNL, NUNEG
DO 10 I=K1,NEQ
X2(1)=0.0D0

REWIND 17

D0 100 K=1, NUMEG

" READ(17,%) (LM(1),1=1,12), ((AS(L,0),J=1,12),1=1,12)
D0 50-1=1,12

40 K1=N1,NEQ
IF(LM(1).NE.K1)GO TO 40

SUN=0.0D0

D0 20 K2=N1,NEQ

IF((XI(KZ)) £Q.0.0D0)tO TO 20
30 J=1,12




“30

oo oo

20
40

100

1030

1020

1040
1050
1100
999

30
20

IF(LM(J).NE.K2)GO TO 30 ° - J:
SUM=SUM+AS(I,J)*X1(K2) - v &
CONTINUE o ¥ = o

CONTINUVE b
X2(K1)=X2(K1)+SUM »
CONTINUE - . . 3

CONTINUE * - .

CONT INUE

REWIND 2

DO 1100 K=1, NEGNL a

READ(28, -)<Lx(1) 1=1,12), ((AS(1,3)5371,12),1=1,12)
DO 1050 I=1,

DO 1040 Ki nl
TF(LM(1).NE. ll )GD TO 1040

SUM=0.0D0

DO 1020 K2=N1,NEQ

1F(X1(K2).EQ.0.0D0)GO TO 1020 B .
00 1030 J=1,12 :

. IF(LM(J).NE.K2)GO TO 1030..

SUM=SUM+AS(I,J)*X1(K2)
CONTINUE

CONTINUE

X2(K1)=X2(K1)+SUN

CONTINUE d 3
CONTINUE ®
CONTINUE - 4
CONTINUE

RETURN

END

SUBROUTINE KADDO(X1,X2,NEQ,N1)

IMPLICIT REAL *8(A-H,0-2)
DIMENSION X1(1),X2(1),AS(12, 12),L(12)

COMMON/EL /NEGNL , NUEG .

D0 10 I-N1,NEQ 72
X2(1)=0.0D0

REWIND 17

DO 100 K=1,NUMEG %
READ(17, ')(LH(I) 1=1, lz) ((AS(1,J),J=1,12),1=1,12)
D0 50 I=1, 11

DO 40 K1=K1,

IY(LH(I).N!.KI)GD T0 40

SUM=0.0D0

DO 20 K2=N1,NEQ . .
1r((x1(12)) zq 0.0D0)Go TO 20

D0 30 J=1,

IF(LM(J). ua xz)co T0 30

SUM=SUN+AS (1,J)%X1(K2)

CONT INUE

CONTINUE

X2(K1)=X2(K1)+SUM




40

50
100

1030 -

1020

©1040

1050
1100
999

oo

ww

CONTINUE

CONT INUE

CONTINUE

REWIND 18

DO 1100 K=1,NEGNL

READ (18, ')(LH(I) I=1,12),((AS(L,J),I=1,12), 1-1,12)
DO 1050 I=1,

DO 1040 Kl-ul NEQ

1F(LM(1):NE.K1)GO TO 1040

SUM=0.0D0
DO 1020 K2=N1,NEQ =
IF(X1(K2).EQ.0. ono)co TO 1020 - 4

D0 1030 J=1,12
IF(LM(J).NE.K2)GO TO 1030
SUM=SUM+AS (I,J)*X1(K2)
CONTINUE

CONT INUE
X2(K1)=X2(K1)+SUM :
CONTINUE ¥ “ L
CONTINUE d s
CONTINUE

CONT INUE .
RETURN S Oy ¥ e
END j w7

SUBROUTINE TEN(Q,R,X,NEQ)

i
IHPLICIT REAL -a(A H,0-

DIHENSION AS(12,12), nm.(u) LM(12),A85(12,12),F(3),
X(1),P(1),Q(1),R(1

COMMON7BL/A(8000) . °
REWIND 20 .

READ (20, %) (LM(J),J=1,12),((AS(J,K),I=1,12)k=1,12)
READ(ZI ')((ASS(J K),J=1,12),K=1,12)

' H(Ln(n).aq J)DEL(IL)=X(J)
UE

CONT IN!
DEL(9)=DEL(3)*0.89

D0 20 J=1,3,2 .
SUM=0.0D0

D0 20 K=1,12

SUMmSUM+(AS (J,K)+ASS (3, K))*DEL (K)
CONTINUE .

F(J)=SUM

CONT INUE

P(1)=DSQRT( F(1)*F(l) + F(J)'P(J))
IF(F(3).6T.0. DDO)P(I)- P ( X
Q(I)=R(I)+P(I

CONT INUE




a0 oo

RET.URN
. END

SUBROUTINE LOADV (T,DIF,AL0,PLO,TC1,TC2,M , NEQ,NU3)

INPLICIT REAL *8 (A-H,0-
COMMON/SEV /R0,G , BT,0E , W, A JHT,BW, uuc TOTWT
DIMENSION XI(12),¥I(12),21(12),X3(12),¥J¢12),23(

. 112),DI(12),P1(6),P2 (6),F1(6),F2(6),QI(21,8) ,0AD( 21

2),00(8),AL0(1),PLO (1)C(12,12), AWP1(12),DIF (1),LM(1
32),82(6,6),XM(4), XF (4), YM(4), YF(4),ZM(4),ZF (4), XT(
44),1T(4),2T(4),1€2(1),TC1(1), Dur(é)ccc{: 3)

cuunON/BL/A(BDoo)

REWIND

um(u ')(Xl(l) YI(1),21(1),X3(1),YI(1) , ZJ(I) ]
u(l) I=1,

XG=0. onn

YG=XG

26=XG ;

XT(1)=-35.0

XT(2)=-35.0

XT(3)= 35.0 -

¥T(4)= 35.0

YT(1)= 35.0 ¢

Y1(2)=-35.0 3 .

y1(3)=-35.0

¥1(4)= 35.0 |

D0 5 1-1,4

XP(I)=XT(L)

YF(L)=YT(I) +

2T(1)=41.7

ZP(I1)=166.7 E

XH(L)=XT(I) .

TH(T)=YT(I)

IM(L)=2T(L)

CD=DCQS (DE )

SD=DSIN(DE ) .

D0 10 I=1,6 .

F1(1)=0.0D0

F2(I)=0.0D0

DIFF (1)=0.0D0

CALCULATION OF THE HYDROSTATIC PROPERTIES

00

a
3
=

=0.0D 00
D0 50 I=1,M
. CALL 0(L,XI,YI,ZI,XJ,¥J,3J,DI,X1,X2,¥1,¥2,21,
1 22,D,5A,5B,5C,CA, CB,CC,ALEN, HT,L)




2300

2301

150

VOLA = R(D)*ALEN

ZGG = (zl + z2)/ 0.2D 01
VOL = VOL + VOLA

ZMM = ZMH + VOLA*ZGG
AWPL(I) = R(D) * L

“IF (SC.NE.0.0) AWPL(1) = AWPL(I) /DABS(SC)
AWP = AWP + AWPL(I)

CTX = CTX + AWPL(I) * X2

CTY = CTY + AWPL(L) * Y2

CONTINUE

BUO=VOL*G*RO

ZB = ZMM/VOL

XLCF = CTX/AWP

YLCF = CTY/AWP

INERTIA OF WP ABOUT THEIR OWN AXES IGNORED
DO 100 I=1,M

TYYML = YNI 4+ AWPLCI)* (XJ(1) - XLCF)"Z
XXHL = XXMI- + AWPL(I)* (YJ(I) = ZLCF)*#2
CONTINUE )

XXHL =XXHL + AWP % YLCF *+# 2

YYML =YYHI + AWP * XLCF %% 2

BM5.= YYNI/VOL

. BMj.= XXHI/VOL

S GM& = -ZB + BM4 N
GM5 = -ZB + BM5 A
HTZK = =HT

CALCULATION OF THE RESTORING FORCE MATRIX

C(4,4) = -(ZG-ZB)*G * VOL*R0 + RO * G* XXMI
C(5,5) = -(ZG-ZB)*G * VOL*RO + RO * G* YYMI
DO 2300 I =1,
CALL O (1,X1,¥1,21,%J,1J; 2,00, X1,%2, ¥1,12,21
1 ,22,0,5A,5B,5C,CA, CB,CC, ALEN,AT, L)
c(s,l) - c(:,:) + RO'A G* AHPI(I)
C(3,4) = G(3,4) + RO *# G * AWPL(I) * (Y2-YG)
C(4,3) =c(3,4)
c(3,5) =¢(3, s> + RO 4G * APL(I) * (X2-XG)
©(5,3) =c¢(3,5) Y
C(4,4) = RO * GAAWP 1(I)*(Y2-YG)*#2 + c(a h)\w
C(5,5) = RO * GRAWPL(I)*(X2-XG)**2 +
C(4,6) = =(RO * GFAWPI(L )*(Y2-YG)*(X2~ xc)) *, c(u 6)
C(6,4) = C(4,6)
CONTINUE ' 4
Do 2301 J=1,6
DO 2301 K=1,6
B2(J,K)=0.0D00 . =
DO 2302 1-1,4
ALIL=DSQRT( CXH(I)=XF (1)) *#2+(YM(1)=YF (1)) **2+(ZM( 1)
1-ZF (1)) **2)
ALM-DSQRT((XT([) XF (1)) **24(YT (1)-YF (1)) *24(2T (1)
2-ZF (1)) *
CALL CAB(I XG, YG,ZG, XM, YH, ZM,XF, YF,ZF, TC2,TC1 , AL22, nz/

€




2302 -CONTINUE .
=i DO 2350 I=1,6 - '
DO 2350 J=1,6 i
c(x J)-C(I 1)-B2(1,1) -

JJ-O
IF (1.EQ.1)II=1
IF (1.EQ.3)II=2
IF (1.EQ. 5)11=3
IF (J.EQ.1)JJ=1
IF (J.EQ. 3)JJ=2 . 2 .
IF (J.EQ.5)JJ=3 .
IF (I1.EQ.0.0R.JJ.EQ.0)GO TO 2350 “
CCC(I1,JJ)=C(1,J)

2350 . CONTINUE - .

. REWIND 26 |
WRITE(26, *)((CCC(I, .|) 1-1,3),1=1,3)
IF (T.GE.0.0)60° TO 240 o
REWIND NU3
DO 2400 T=1,12
LM(1)=0 T ol

2400  CONTINUE
LM(1)=1
LM(3)=2
LM(5)"3
WRITE(NU3, ') (LM(I),I=1,12),((C(T,J),I=1,12),J=1,12)

2401 CONTINUE
DO 2425 I=1,NEQ
ALO (1)=0. 00 .

2425  PLO(1)=0.0D0 . .

2450 DO 3500 I=l,H
IF((2J(1)).LE.HT1.AND . (ZJ(I)) GE . mz)z:(x)-u
DO 2525 J=1,6
P1(J)=0.0D00 §

2525 P2(J)=0.0D00

CALL 0(I,XI,YI,21,XJ,YJ,2J,D1,X1,X2,¥1,Y2,21,22,

D,SA,S8,SC,CA,CB,CC, ALER, AT , L)

le - Xl"CD +YI*SD

EX2 = X2*CD +Y2*SD,
= -X1#*SD +. Y1#CD

EY2 = -X2%5D + Y24CD

-

71

D3. = RO *R(D)

AD4 = WX*2 (D3 +RO*R(D))

DL = DSQRT((EX2—EXI)*#2 +(EY2-8Y1)442 +(EZ2-EZ1)¥42)
DR .= DL/(0.2002)

SA = (EX2-EX1)/DL . 8 Yoy
SB = (EY2-EY1)/DL' § -
SC = (E22-£Z1)/DL '

CA = DSQRT((0.1D O1l)~SA**2)

CB = DSQRT((0.1D 01)-SB##2)

CC = DSQRT((0.1D 0l)-SC##2)

EDX~=(EX2-EX1)/(0.200 02)




. g Cas

"EDY=(EY2-E¥1)/(0.2D 02) P
EDz=(EZ2-EZ1)/(0.2D 02) 1 ¥
{?no 2500 J=1,21 | 3
CALL DUN(J,EX1,EY1,EZ1,EDX,EDY,EDZ,EXX, u EZ, EK) . ,
T1 = AKH(HWC-EZ) . v 4
T2 = AK*(HWC-RT) :
SH1=DSINH(TL1)
SH2=DSINK(T2)
CH1=DCOSH(T1)
CE = DCOS(AK*EXX)
SE = DSIN (AK*EXX)
.QI(J, 1)=CE*CHL/SH2
QI(J,2)=SE*CH1/SH2
QI(J, 3)=CE*SH1/SHZ
QI(J, 4)=SE*SHL/SH2
QI(J, 5)=QI (J,1)*ER
QI(J,6)=QL(J,2)*ER "
QI(J, 7)=q1(J,3)*ER
QI(J, 8)=QL (J,4)*ER .
2500  CONTINUE
y DO 2600 JJ=1,8
- DO 2550 J= 1 21
2550 DAD(J)=
CALL ST (mz ;m TCT3) |
2600  QQ(JJ)=1CT3
XDGL = QQ(L)*ADA*CA*#*2 — QQ(A)'AuMsctsA %
. XDG2 = QQ(2 )*ADA*XCA**2 + QQ(S)*AM"SC'SA
YDGL =-QQ(L )*ADA*S A*SB ‘~ .QQ(4 ) *AD4*S GRS
¥DG2 -<QQ(Z)*AM*SA*SB - qq(!)uunscwsa
P1(1)= XDG1*CD.- YDGL*
P2(1)= XDG2*CD - Yn_(;z*sn‘ ¥
P1(2)= XDGL*SD  YDG1*CD W -
P2(2)= XDG2*SD + YDG2*CD . £
P1(3)= -QQ(L)*AD4*SARSC+ Qq(A)ﬂAM*qcnz 2 e
P2(3)= -QQ(2)*AD4*SA¥SC -'qq(a)-muccnz
AKEX = ADAX (EZL*SA*SB -EY1i¥sA*SC) - . : ..
AKEZ = AD4*(EZL*SB*SA +EY1*CC*CC) :
AMEX = AD4*(EZIACA*CA +EX1#SA%SC) . = .
AMEZ = AD4* (EZI*SCXSA +EX1*CC*CE) : L%
ANEX = AD4* (EXLXSAXSB +EYLXCA*CA) ot o :
ANEZ = AD4* (EYL¥SC*SA - EXL*SC*SB) . 7
AKL = AKEX*QQ(l) + AKEZ*QQ(4) +AD4*QQ(8)*SB Ch
AR2 = AKEX*QQ(2) - AKEZ*QQ(3),K -ADA*QQ(7)*SB 3 )
AM1. = AMEX*QQ(l) + AD2*QQ(5)*SC - AMEZ*QQ(4)
5 2 1 -AD4*QQ(B) *SA o % .
" ANM2 = AMEX*QQ(2) + AD4*QQ(6)*SC + AMEZ*QQ(3) i
27 +ADA*QQ(7) *SA -

P1(4)=AK1*CD - AM1*SD X
P2(4)=AK2*CD - AM2 *SD v e
P1(5)=AKI*SD - AHL*CD & v .

“P2(5)=AK2*SD + AM2*CD

P1(6)= ANEZ*QQ(4) — ANEX*QQ(L) - AD4*SB*QQ(S5) S
P2(6)= ANEZ*QQ(3) - ANEX*QQ(2) -'AD4*SB*QQC6) - 4
DO 3000 J=1,6 .
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. : ‘
IF(ABS(P1(J)).LE.(0.05D 00))P1(J)=0.0D 00
IF(ABS(P2(J)).LE.(0.05D 00))P2(J)=0.0D 00

. F1(J) = FL(J)+ PL(J)
3000, F2(J) = F2(J)+ P2(J)

3500° CONTINUE
c .
CALCULATION OF LOADS DUE TO PLANE FACES

DO 4335 I=1,M
CALL O(I,XI,YI,ZI,XJ,¥J,2J,DI,X1,X2,¥1,Y2,21,22,
\ 1 D,SA,SB,SC,CA,CB,CC, ALBN T, L)
: KP = 1
XX=X1 G »
Yy=y1l b
22=21" . o
AO=RO*G*R(D) : .
T2 = AK*(HWC-HT) 3 . E
4333 EXX = XX*CD +¥Y*sp ;: B ‘ |
LEY =-XX*SD+YY*CD .
EZ = 22 | o
T1 = AK*(HWC-EZ)
KJI=1 .
- IF (EZ.EQ.HT)KJ=0 X L
ACO = AD*KJ*DCOSH(T1)/DCOSH(T2) ’
SAK=DSIN(AK*EXX)
CAK=DCOS (AK*EXX)
PL(1)=-ACO*SA*SAK
P2(1)= ACO*SA*CAK
P1(2)=-ACO*SB*SAK
P2(2)= ACO*SB*CAK G
P1(3)=~-ACO*SC*SAK . 5
" P2(3)=-ACO*SC*CAK
PL(4)= PL(3)*(YY=YG) -P1(2)*(2Z-2G)
P2(4)= P2(3)*(YY-YG) -P2(2)*(22-26G)
PL(S)- PL(1)*(2Z-2G) ~B1(3)*(XX-XG)
P2(5)= P2(L)*(22-2G) -P2(3)*(XX-XG) _ t
PL(2)*(XX-XG) ~P1(1)*(YY-YC)
= P2(6)= P2(2)*(XX=XG) -P2(I)*(YY-YG) oo
DO 4334 J=1,6 . : .
FLQI)=F1()+21(3), ! #
4334 F2(J)=F2(J)+P2(J) T
4448  IF(KP.EQ.2)GO TO 6335 .
P=KP+1 - t % %
¢ XX=X2 J . ®
YY=y2 ) J
2222
SA = -SA
SB = -SB'
5c = -sC w5 2 = 5 -t
. GO TO 4333
4335 CONTINUE .
4336 CONTINUE 2 g
TAB=4.0%PLI/W . 4 : .
N

~

b

)
¥




4337
4

c .
4338

a0

oo

oo

4450
4500

oo

oo

oo
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DO 4338 J=1,6

IF(DABS(F1(J)).LE.(0.05D00)) F1(J)=0.0D00 .
1F(DABS(F2(J)).LE.(0.05D00)) F2(Jy=0.0D00
IF(T.GT.(2.0%TAB))GO TO 4337
FL(J)=F1(J)*T/(TAB)

F2(J)=F2(J)*T/(TAB)

IF(T.LT.(2.5%T))GO TO 4338
F1(J)=F1(J)*(T/TAB-0.24D0) .
F2(J)=F2(J)*(T/TAB-0. ZLDD)

CONTINUE -
HSA=0.0D0 ¢
DO 4500 J=1,3

1=J

IF(J.EQ.2)I=3

1F(J.EQ.3)1=5
ALO(J)=(FL(1)*DCOS(W*T)+F2(1)*DSIN(W*T))*HW

PLO(J)= (-Pl(I)’DSlH(H'T)#PI(I)'DCOS(H'T))'H'HH'HSA .
CONTINUE

RETURN .

END .

SUBROUTINE SIMP(H,Q,A) toy -

IMPLICIT REAL *8(A-H,0-2)

_DIMENSION Q(21)

o m-1 . :
SUM =0.0D 00 8

1= 142

J =1+ : —~——-5

K =1 +2 : .

SUM < SUM + Q(I) + o(x) + (0.4D 01) * q(J)
IF (1.LT.19)GO TO

A = H * SUM / (0. 3n o1)

RETURN
END

FUNCTION R(D)

IHPLICIT REAL 'B(A “ l

R = (0.314159D 01) * (n"z)/(o 4D 01)
RETURN

END

SUBROUTINE O(I,XI,YI,zI)XJ,¥J,zJ,DI,X1,X2,Y1,Y2,21,
22,D,5A,SB,5C,CA,CB,CC,ALEN,HT,L) - 3

IMPLICIT REAL *8(A-H,0-Z)
DIMENSION XI(1),XJ(1), Y!(l) YJ(1),21(1), ZJ(l) DI(l)




X1 = XI(I) .
X2 = XJ(I)
Y1 '= YI(I)
Y2 = YJ(I)
4 21 = ZI(I).
. 22 = 2J(I)
D = DI(L) ~

ALEN = DSQRT ((X2-X1)##2 + (Y2~Yl)"2 + (z2-21)2 )
(X2=X1)/ALEN
(¥2 - Y1)/ALEN -
((22-21) /ALEN)
DSQRT ( 1: - SA * SA) .
DSQRT (l.- SBASB)
DSQRT (l..=- SCASC)

' IF (2Z2.EQ.HT)'L = 1
RETURN
END

c
[}

SUBROUTINE DUN(J,X1,Y1,21,DX,DY,DZ,X,Y,Z,RR) -
.

INPLICIT REAL *8(A-H,0-Z)

X = X14(J-1)*DX

Y = Y1+(J-1)*DY

- : Z = Z1+(J-1)*DZ

) RR= DSQRT((X- K1)2482) +(YSTL) $42(3.(2-21) 842 )
RETURN N

. END :

SUBROUTLNE MATA(A,B) F ' o

N IMPLICIT REAL *8(A-H,05Z) A
DIMENSION A(6,6),B(6,6) N
D0 1 J=1, s
DO 1 K=1, . g

. 1 A(J,R)= A(J R)+B(J,K)

RETURN

END

SUBROUTINE CAT(W,G,HWC,AK)

R
. c
INPLICIT REAL #8(A-H,0-2)
2 ¢ & 1F(DABS (HWC).LT.100.0)G0 TO 5
° c Gp TO 35 X

i 5 AK=W*W /G
4 S1G=(W**2)/C
A = SIC

T = 0.14D 01
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20

aa

ao

oo

coo0an

35

TK = (0.5D 00)*(A +T)

THK = TANH(HWC*TK)

LF((TK-A)/TK - (0.0001D 00)) 20,20,15

IF(TKATHK -SIG) 18,20,25

A = TK . B &

CONTINUE ¢ =
RETURN . .-
END

SUBROUTINE NEWCO(I,D,XG,Y¥G,2G,XCC,¥CC,2CC)

IMPLICIT REAL *8(A-H,0-Z) . 3
DIMENSION D(6),XCC(L),YCC(1),zCC(1)
XC=XcC(I) oo
1 YC=YCC(T) .
2C=2CC(1)
DXC=D(1)+(ZC-2G)*D(5)+(¥C-YG)*D(6)
DYC=D(2)+(XC-XG)*D(6)+(2C-2G)*D(4)
DZC=D(3)+(YC-YG)*D(4)+(XC-XG)*D(5)
XCC(I)=XC+DXC -
YCC(I)=YC+DYC
ZCC(1)=2C+D2C e 2
RETURN % s
END )

SUBROUTINE DREAD (MM) ¥ N

CALLED BY AMAIN %
READS GEOMETRICAL AND WAVE DATA
CALCULATES WAVE NUMBER

IMPLICIT-REAL *8(A-H,0-2)
COMMON/SEV /R0,G,P1,DE,W,AK,HT , HW,HWC,TOTHT
DIMENSION XI(20),Y1(20)721(20,X3(20),YJ(20),
2J(20),D1(20),TC1(4),TC2(4), AE(3 3), AH(3 3)
“‘nzuxnn‘xs* P
N1=3 .
RO = 0.1025D04 -
PI= 0.31415926D01 - .
G=0.981D01- L
READ(10, )N, DE, W , BN, HT, HWC, TOTHT
DHH= HWC-HT .
CALL CAT(W,G,DHH,
READ(10,*) (Xl(l) 11(1) Z1(1),XJI(1),¥(1), .
1 2J(1),DI(I),1=1,
WRITE(24, ')(Xx(x) 11(1) 21(1),XI(1), YJ(I),
2 Z3(1),DI(1),1=1,H

\




oo

oo

1000

oo

oo

7000

- IMPLICIT REAL *8(A-H,0-2)

READ(10,%) ((AM(, J NLY, 1-1 M)
READ(10,*) ((AC(I, J) J-l JN1),I=1,N1)

WRITE (16, %) ((AM(I,3),d=1,N1),1=1,81) .
WRITE(16,%) ((AC(T,J),J=1,N1),1=1,N1)

RETURN

END

SUBROUTINE NPRI(N,X1,NEQQ)

DIMENSION X1(1)

COMMON /BL/A(8000)

WRITE(6,1000)K

FORMAT(' ARRAY',15)

NN=N-1, )
WRITE(6,*) ((nn+1) Xl(l) 1-1,NEQQ) .
RETURN

END © - )

SUBROUT INE. CAB(II,XG,YG;2G, 'r\x ,TY,TZ,BX,BY,BZ,
TO,T1,AL,CC)

INPLICIT REAL *8(A-H,0-Z)

DINENSTON B(6,6),P1(6),C(6,6),T(3,3),CC(6,6)
DIMENSION TX(1),T¥(1),T2(1),BX(1), lY(l) BZ(1)
DO 7000 1=1,3

D0 17000 J=1,3

T(1,3)=0.0D0 1]
1(1,1)=-1.000 .
T(2,2)=1.0D0

T(3,3)=-1.0¢

XG=-GX

Y= GY
2G=-GZ

XT=-TX(II)
YT= TY(IL) ; : :
ZT=-T2(11) o - B .
XB=-BX(11) ;

B

¥(11)-
2B=-BZ(11)
DO 10 I=1,6
D0 10,J=1,6

B(1,5)=2T-2C

u(l.s) (YT-YG) £

(2T-26) " s .
s(z b)-xr-xc .
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© 50

- 7060

7151
7150

B(3,4)=YT-YG
B(3,5)=-(XT-XG)
P1(1)=XT-XB
P1(2)=YT-Y8
Pd (3)=2T-ZB
P1(4)=(ZT-26)*(YB-YT)-(YT-YG)*(ZB-2T)
PL(5)=(XT-XG)*(ZB-ZT)~(2T~2G)*(XB=XT)
PL(6)=(YT-YG)*(XB-XT )~ (XT-XG)*(YB-YT)
DO 30 I=1,3
D0 30 J=1,6
LF(I.NE.1)G0 To 23
AXT=XT
AXB=XB
60 T0.25
IF(I.NE.2)GO TO 24
AXT=YT
AXB=YB  ° ’
GO TO 25
AXT=2T
AXB=ZB
C(1,J)=TO*B(I,J)/AL+((TO-T1)/AL**3)*(AXB-AXT)*PL(J)
CONTINUE
DO 1999 I=1,6
DO 1999 J=1,6 &
C(I,J)=-C(1,1)
B(1,J)=0.0D0
B(4,4)==((2T=2G)*(ZB-2T)+(YT-YG) *(¥YB-YG))
B(4,5)=(XT-XG)*(YB-¥T)
B(4,6)=(XT-XG)*(ZB-2T)
B(5,5)=-((XT-XG)*(XB-XT)+(2T-2G)*(ZB-2T))
B(5,4)=(YT-YG)*(XB-XT)
B(5,6)=(YT-YG)*(ZB~-2T)
B(6,6 ((XT=XG)*(XB=XT)+(YT-YG)*(YB-YT))
B(6,4)=(ZT-2G)*(XB-XT)
B(6,5)= (ZT ZG)*(YB-YT) 2 =
DO 50 J
c(4, J)-ra-n(t J)/AL + (YT=XG)*C(3,J)=(ZT-ZG)*C(2,J)
€(5,3)=TO*B(5,J)/AL + (2T-2G)*C(1,J)-(XT-X5)*c(3,J)
C(6,3)=TO*B(6, 1) /AL + (XT-XG)*C(2,3)-(YT-YC)*C(1,J)
DO 7060 I=1,6
DO 7060 J«l,6

‘u(x J)-O 000 >

ROWHE .

A-X,A,! .

1=LA,LB
Ju=1,3

DO 7151 K=1,3

XX=XX + C(I,K+MB) * T(K,JM)

B(I,J)=XX

DO 7152 I=I%6 d



oa

7152

DO 7152 I=1,6
c(1,3)=0.0D0
0 7160 LA=1,4,3

DO 7160 MA= 1,4,3

=
&
'
=
>
+
~

DO 7160 IL=1,3
I=1IL + LB
DO 7160 J= MA,NB

DO 7161

7161/ XX= XX + ‘!‘(K IL) * B(R+LB,J)

7160

cuw W

C(I,J)=XX _

CC(1,3)=CCCT, J)+XX
RETURN . -
END

,SUBROUT INE Mor(nr.'tu.vno,vmm,Y’.Yn.mn,ro.r.uqul)

IMPLICIT REAL*B(A-H,0-2) °

DIMENSION AT(6),BT(6),AK(6,6),AC(6,6),
ARK(6,7),¥(1),¥0(1),¥D0(1),¥DD(1),
YDDO(1),FO(1) 1R(6),UD(6),
YD(1),AM(6,6),BM(6),BC(6),

BK(6,6) ,ATK(6,6),
DEF(6),F(6),DEFD(6),X(10), @ A
AAC(6,6) ,AAK(6,6),ACL(6,6),AKL(6,6) \
COMNOR /BL /A(8000)

REWIND 26°

REWIND 16,

N1=3

N2=4 !

©*  CONTINUE

READ HASS, DAMPING AND STIFPNESS HATRICES AS -
INPUT DATA.

READ(16,%) ((AM(I,J),JI=1,N1),1=1,K1)

READ(26,*) ((AC(I,J),I=1,N1),J=1, m

READ(16,*%) ((AK(I,J),J=h,N1),I=1

LECT TIME STEP DT AND CALCULATE m':zc nxou CONSTANTS
TH=1.4

THD=TH*DT

A0=6./(THDATHD) . E i
{

_Al /T
A2=2. %A1
A3=THD/2.
A4=AO/TH
A5%=A2/TH ,
tA6=1.-3./TH "
AT=DT/2. Pom
AB=DT*DT/6. '

INITIALISATION OF DISPLACEMENTS, VELOCITIES AND

AND' ACCELERATIONS.

DO 2 1=1,N1

Y(1)=0%




cawn

710 %
c

\

" AKK(I, J)-AKK(l J)/s1e
-1,

1D 740 I=l,NL

¥D(1)=0.0
DEF(1)=0.0
DEFD(1)=0.0 i
YDD(1)=0.0 4

THE EQUATIONS ARE INTEGRATED FOR EACH TIME STEP.
DO 710 J=1,Nl

AT (J)=AO*Y (J)+A24YD(J)42.#YDD(J)

BT (J)=AL*Y(J)+2.0#¥D(J)+A3*¥DD(J)

CONTINUE

FORM THE EEFECTIVE STIFFNESS MATRIX
BIG=1.0E+15

BlGl-B!n

DO 712 I=1;Nl S

DO 712 J=1,N1 ° -
AKK(I,J)=AK(L,J)+A0%AM(T,J)+A1#AC(L,J)
1F(ABS(AKK(I, 1)) .6T. nxc)amx-usuu(x )
CONTINUE

IF((BIG1/BIG).GE.BIG)BIG=BIG*BiG

Do 713 I-l ll
Do 713 J S

DO 720 I j . i
n(I)--m(x)'o A+F(I)4LL4 ( [
D0 720 J=1,N1 :
R(I)=R(I)+AM(I, J)*AT (1)+AC( T )*BT (1)
DISPLACEMENT, VELOCITY AND ACEELERATION CONDITIONS®
AT THE PREVIOUS TIME STEP ARE\MADE AS THE INITIAL
CONDITIONS FOR THE PRESENT TIME STEP. .
MAKE THE LOAD TERM THE LAST TERM OF THE EFFECTIVE
STIFFNESS MATRIX

AKK(1,N2)=R(1)/BIG

. SOLVE FOR DISPLACEMENTS AT TIME T+DT USING GAUSS

ELIMINATION ME

DO 745 I=1,N1

D0 745 J=1,N2

ATK(1, J)-AKK(I J)

CALL SOLVE(ATK, X,N1)'
750 I=1,N1

‘uD(1L

)=X(1)
c CALCULATB DISPLAC!HENTS, VELOCITIES, AND ACCELERATIONS

AT TIME T+DT

o= PO =760 T=l, NI

760,

NN=I-1
DD (1)=A4*(UD(L)-YO (1) }HAS*YDO(1)+A64YDDO (1)
YD (I)=YDO (I)+A7* (¥YDD(I)+¥DDO(I)
Y(l)-YD(I)#DT'YDD(I)fAﬂﬁ(YDD(!)+Z.'VDDO(I))
CONTINUE
RETURN

' END

SUBROUTINE SOLVE(A,X,N) 1
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>0
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oo

IMPLICIT REAL*8(A-H,0-2)
DIMENSION A(6,7),X(6)
M=N+1

L=N-1

DO 12 K=l,L |
JI=K
BIG=ABS(A(K, K))
KP1=K+1

SEARCH FOR LARGEST POSSIBLE PIVOT ELEMENT
DO 7 I=KP1,N

AB=ABS(A(I,K))

IF(BIG-AB)6,7,7 .

BIG=AB s

JI=1

CONTINUE

DECISION ON NECESSITY OF ROW INTERCHANGE
1F(JJ-K)8,10,8

ROW INTERCHANGE

DO 9 J=K,M . -
TEHP=A(JJ, J)

A(JT,3)=A(K,J)

TA(K,J)=TEHP

TALCULATION OF ELEMENTS OF NEW MATRIC
DO 11 I=KP1,N .
QUOT=A(T, K)]A(K K)

DO 11 J=KP1,

A(T,J)=A(I, J) QUOT*ACK,T)_

DO 12 I=KP1,

A(I,K)=0.

FIRST STEP IN BACK SUBSTITUTION
X(N)=A(N,H)/A(N,N)

. ‘REMAINDER OF BACK-SUBSTITUTION PROCESS

DO 14 NN=1,L

SUH=0.

I=N-NN

IPL=I+1

DO 13 J=IPL,N
SUM=SUM+A(I,J)*X (J
X(I)=(A(I,M)-SUM)/A(I, 1)
RETURN

END

SUBROUTINE—REIN(D5

ACNFNEQ) —

IMPLICIT REAL *8(A-H,0-

DIKENSION D(100),V(100), ACH(IOO) x(h) z(4)
5.0D0

5.0D0

X(3)=35.000

X(4)=35.0D0 L

DO 5 I=1,4 .

Z(1)= 41.7

NF=1+(NEQ-15)/8 '




oo

oo

25

CN=NF .
DN=CN "

=1

J=4

CONTINUE

AC=DN/CN

D(J)=(D(1)+Z(1)*D(3))*AC
V(I)=(V(1)+Z(1)*D(3))*AC
ACN(J)=(ACN(1)+Z(I)*D(3))*AC
IF(J.GE.16)G0 TO 25
D(J+1)=(D(2)-X(1)*D(3))*AC * .
V(J+1)=(V(2)=X(I1)*D(3))*AC~ L
ACN(I+1)=(ACN(2)=X(1)*D(3))*AC

I=I+1

IF(1.NE.5)GO TO 50 ,

I=1

DN=DN-1.0
CONTINUE
IF((J+2).LT.NEQ)GO TO 100
Go ’ro 200

RESES

IF(J 16)10,10, 150
J=J-1

GO TO 10
CONTINUE

RETURN

END

SUBROUTINE" ZTEN(AL,A2,A3, A4, NEQ)

IMPLICIT REAL *8(A-H,0-Z)

DIMENSION AL(4),A2(4),A3(NEQ),A4(4),AD(4)
J=2

1=0

Iel4l

AL(I)=125.0D0

J=J+3

Al(l)-Aln(!)-Al(l)‘GM(J))/AL(I)

IF(I.NE.4)GO TO

RETURN

END
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