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The aim of "the present i nvestig a t ion is t 'o stud y the. .
s tatic an d d yna m.I c behaviour of a . t-:.ns ion l eg plat t or-. in

the i n t act c ond·t t i on a nd after " partial o r total '"los8 Of '

"'- t ether at any co rner . The exercis e involve s f ormUlating t he

f s tati c s ~ntC dynamics o f column s t ab ilised structu~es ·- ~i th

t aut moorings and i mpl e mentIng the s ame i n ~pproprh.~e"

co mpu t e r s oftware s . FOl"lll.u l a t l ons a~e also made t o c al cu l a te

the equ i 1'1br i um t en s i ons a t ,ter a los s o f t ether.

..".-'

The compu ter ' progra !D for hydrostatiFs is ~ c apable of

generating the 8;ta n&rd hYdro~tat1c' information---as ---wel l -aa

locating the e<Jl;lllibr~ulll co niigurUicn ot the r1oat~ng bOdy

under a g~ven ...Bet of extern~l sta tic loads~ Th i s Is used : 0

assess the. s t atI cal stability ot the tens ion l eg p latto rJll in

damaged cases a nd c ompa r e the salle with i t s v a r ious other

configu rations .

Und er bh e category of hydrody namic ana lys is , two major

~ypes ~f apwoaches , · namelY ·. t freque nc y domain ' and t t im~ ,/

doma~n l are employed . In t he frequency do mai n approac h, wave

ampI i t ude s and all displaceme nts are r eesue ed to be s mall :

.; :
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Al s o , _integ ration ' "Of "the ~'Ydrodynamic f or ces is carrIed out

over the mean '~etted surface of t he body. Thla wave
<,

ex citation forces are c al cu l a t ed via a ' Morison type'

formula and an iterative G~heme is ad opted to ha~dle the'

nonl inear drag t erm. ThiS an alysis i~ u e ed to c ompu t e the

"r eep one e amplitude ope:tato~s' (RAOS) in intact and damaged ~
. . ,, ' . .

cond i t i ons . Significant responses are also computed using

the~e ' RAO.S la nd Pi~rSO~-Mo~koJitz wave sp'~C?t~a f or chosen "

wind speed~ . , I n "the time' do~ain analysis , thoU9~ assumptions

similar to .fr~ency , d omal n analysis are made r~garding the'

. incident wave . Ho",~ver. <no r estriction ..i s put on the motion

o f the ~Ody . The exc i t ation and the reactiv e forces are

-calCUl a t ed ove r the instant~neo1.!s )letted surfac~ and at the

displaced position. Nonlinear equations , of mot i on a r e

int eg r ated us ing Adam f s...--meth~d . ThIs ~nalysis is_ us ed to "

obtain· time-series data of motion and tens ion loe's"pon ees in

order to stUdy the variation ~f steady s~ate a~plitudes. in

intact and ,da ma g ed conditions well a~ trans i ents

following a l oss of tethSir .

A speclpl study o~ the occu r r e nce of Hathieq. tYPj

dy na mi.c , i n s t ab i l t,Y i n t~n.sion leg Platforms)-8 also

undertaken . A formulation to calculate unstable combinations

of w~ve height and f r e qu e ncy i~ de v e16pe d 'b1l~e? o~ Floquet

~h'eo.ry ~y~tems . The effect of wa.;wt.pertinent

!
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par8meters. ~nCl\din~ loss of tether on ~nstabilit~ is also

investi9ated~

·1
I., .

i .
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Chap ter 1

{l

I NT RODUCTI ON

The es c a latio n i n t he s~e of convent~onal ' dr.i l ~lng

';j-..

platforms t o r dee per 'wa t er s and more . se ver e environments

could . taak e muc p of . . th e oil di s c overe d " i n s u ch areas r e main

u~recovered . Manx i nnova tive d e s i gn s t hat hav e evcfved in

the l a st tw o decades a i m to provide econolli cally v iable

solut i o ns t o this p robl em.

Amo ng t he c~nvent1onll.l ~il ~roduction fa~ll ities. s teel

j a cket or con c r ete grav ity type 10 f ix ed st ruc t ur e s and

floatin g pl at~on.B tJUCh ._-:ll.S s emi-subme rsibl es a r e the most

. p~pular . Fixed s t r,J,ctur e s otfer the b e st workin g condit i ons

since t h ey prOvi de a s t a ble p l at form f rom "ble h t o workt

unfortunat ely ... t he n atura l per i ods of osci l latio n for theJe

structures i n c rease wit h wat er d epth a nd ge t into t he .' h i gh

e nergy content '.zone ' of the sea 'ene~gy spect :um , making th e

structures vulnerable to high dyn a mic stresse~ dub to

environmental l oads. This lIay be avo i d ed by providing ex~ra

stH,fenin9 and thus . kee p i l}9 ~he ~atural period~ down, but./

this solut ion make s t he ' s t r uc t u r e v e ry h ea vy and



uneconomical. Floating linits with soft moor i n gs , on the.
other hand, are economically viable .fo~ greater water depths

but fa il to rema in adequately s t a ble .du r i ng heavy weather

c o n d i t i on s . Th~refo~e, ~ lot of tdown-time becomes

unavoidable • .

' Complia nt platforllls' emerged as l!o.u i t abl e alternatives

f o r de ep water applications whe~e ~ Pla~form natural

periods are outside ~ the high energy zone of the sea energy '

spectrum. The se hav e QPi:1ons of restricting mot i ons , in

c e r t a in des ired degree s o f freedom while moving :

•c ompliant l y ' with _the exte~nal loads in the ot h e r s . A

'tens ion l eg platfor~' (TLP), ' alternatively known as

'tethered buoyant pl atform ' (TBP) is one suc:~ compliant,

s t ru ct u r e that , in recent years,- has received . a qrert deal

of, att,ention from oil . co~panies a nd :esear~her1g , Its

s u i tab l il i t y in deep water applications i n terms f cost
. . /

against .fixed jacket structures is demonstrated in ig. 1.1

(Dunn , 1979). Fig. 1.2 show s the typical TLP natura ,reriods

~s compared 'to typical ' s ea energy spectrums • .

A TLP is a positive~y buoyant unit "t ha t s kept in

position at a ,l oc a t i o n by t he help of a s t of ~aut

moorings. . The . tens ion i n these U100rlnqs et e n c e the

dif ference in buoyancy and weight. The static r etenslon may



typically be in the order of 25 t o JO per cent of the total

displacement of the platform, The moor i n g el ements have very

' h i g h axla1 stiffness due to which moti~ns i n the ver t i c a l

planes 1. e. heave , roll and pieCh are severe1y s up pressed .

. The ' plattorm, howe ver , ' wou~ exhJbit large excursions in the

horiZontal plane i.e. in ~urqe, sway .81}d yaw mod e s , thus

absorbing the wave energy through. tp,e gained momentum.

The first de sign ot s uch a stru cture was produced by

the pioneerin~ Encjlish engineer, A.F . Danie1, some ' 't we n t y

five years - ago; his platf0fm was name~ " Tr i. t on! s hown ' i n

Fi g. r, 3 . In order to obt ain better p~_rformances, th e TLP

configUration has und e r gone a lot of modifications since the

time of ~riton . The present day TLP is :. a column stabilised

s t r u c t u re appea r ing somewhat like the familiar ' s e mi ­

sub mer s i b l e 'rig with muCh bigger colum.ns pulled down to the

/Sea bed by vertical t aut moorings, To date the on,ly TLP i n

operation is the one in Hutfon field in North ,S e a . As a

concept, a TLP is i.ntended to be used at water dep t hs

greater' than 600 feet, but th_e__Hutton TLP is deployed in a

wa t e r depth of o nly, about 485 feet since the sponsors felt

that the cost of the TLP f or that location would not be

higher 't h a n conventional jacket structure and alsb "': better

knowledge about TLP behavioure was necessary before ' it could

be selected' tor deep~r wa1;.ers. Table " 1.1 (Ellers, 1982 )

- ' ,
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•

offers a brief comparison o f . cer t a i n r elevant as pe c t s .

between t he Hutton TLP and a f ew other types of ofts h ore

production f a c ilit i e s .

. "
The superior performance afld e l e gance of TLPs' depend

largely on the performance of the taut moo r ings or the so

c a l le d 'tethers I (a lternati~elY known ee 'tension legs' or

I tendons I ) . ThUS, qu,ite justifiably; tethers -t hems e l ves hav~

r ece iv ed a good ' sh a r e of the total research wor k, devoted to

kp§. Damage t o one or mor e t ethers ma y have r ather

undesirable ~ f fects on the overall per f ?rman c e of TL P and to

the ·we l l be i n g of the r es t of t he tethers. Th e main t h r ust

o f th i s thesis ,i s t o i n ve s t i g ate thes e effects through

theoretical and e xperimental means s ince not much is

reported i n the published literature bn t~iB particular

topis..

. c b a pter 2 offers a des c ! i pt i o n of a ~ens ion leg

platfortlJ . The sis Obj~ctives and r eseeren .pl'an are 9iven in

Chapter 3. A brief ' r eview of relevant published l.1terature

. is pro';;i~ed in Ch~pter 4 . Details at model ' s cale simulation .

or a TLP at Memorial university ot Newtouncllarid, St. John's,

Canada, given in Chapter 5, include development of modelliJl9

la....s , descrlPi-ion of ' the model , experimental arranq8ments

an<! instrumentations , test program' and ~ata analysis etc. A
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p r ocedure to cal cuiate the equ ilibrium t en sio ns aft er it l os s

of t ether I s developed and illustrated in Chapter . !S .

Hydrostatic and hydrodynami c 'anal?" s es a r e described i n

Cha~ter 7 and cha pter 9 , r espectively . Bot h f re quency domain

and t ,i me doma i n _~pproaches ~re disc ussed .u n d er -:,r drodyna mic

a nalysi's . Ch apter 9 gives the details of the il1v~stigations

on Mathi eu t~e(dynamic instability of ~L~S :

:In ec ceraeace ' with tl,he co nve n t i on 'f o llowe d i n ' t his

t hesis, ~~eoretical and e~erimenta l refIts are di s du ssed

i n eve~ ch a pt er , as applicab l e . A s ummary o f observ a tions ,

howev e r, i s p r esented in Chanter 10 . A~it~onal lY, genera~

c omments on t he pr;:esent s tu d y , r ec oJQIllenda t .ions f or futur e

researc h et c ., as r e aliz e d by the. author, are a l s o i n c luded

in this chapter . The t ext o ~ the thesis is fol l owed by a

l ist of refere'nces , and t abl es and figures ~ Four a ppe ndices

. a re also provid ed which q ive the so u r c e list in9s of some of

' t he computer code s deve l oped during this thesis wor k. All

the input variables re~ired to. cr e a t e the input f iles ' and

the' computed 01,ltput variables ar e described i n t he header

i.nfo~ation of e a c h program. .Addi t i o nally , t the ' i nput dat a

are a lso reproduced on t h e out p ut i n a convenient f orm.
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""Chapter 2 -

THE TENSION I,EG PI.ATFOBM

A ' t e ns i on leg platform is a ~;Loa~n9 production unit

where ~:)lloyan~y exceeae its' ,we i ght . It is held down by means

of a few clusters of tethers. The tension that balances the

difference in buoyancy and~he weight keeps these tethers

taut at all tlimes.

/~

~/
The main buoyant unit of the structure is the 'hull',

. .. .....hich, unlike semi-submersibles has larger vertical columns

and relatively smaller h~~izontal pontoons. This hUI_I. on

the upper side, bears the production facilities and on the

lower side is connected to the tethers. The -,;lat-Yorm is

constrained to rn~ve in vertict plane~ by providing very

high axial stiffness to the te-ele;; - It is,~ courSB l

compliant in the horizontal modes.

Since the TLP is a relatively new concept, a briet

descriptio!" ot its various components and ~~elr. .functions

may . be of help tor the reader to appreciate the

complexieties . and the problems associated with suc~ a

structure . This will probably be best achieved by Chodsin9

' . -~

, .
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7.

the Hutton TLP as a representative TLP. Fig . 2 . 1 s hows a

perspective Vie._~ of this ~LP whi~e "the ma i n p articulars _a r e·

~ given In Tab...:~.l . , . -

The H~tton TLP has a s i x-col umn configurat i on . Th e '

c o l umn tops are ' c onnec t 'E!d by a box deCk ' lst~'cture ' which i~
. ~ . /

essentially a grillage of deep plate g irders. The bo1:-tom jO !

the co l WDn is conne cted by rectangu~~'r pontoons t h us

i n c r e asin g t h e overall ri1loldity of th~~la~form. The c ol umns

and the pontoons a re of s t i f fened. plate construction. /

A mo oring c ompa r t men t i s hou s ed i n each c or ne r co l umn. .
wh e r e the t op ends of the tethers ar e secured . The mooring

e qu i pme nt , Inclu~ing the load bl~Ck , is placed on t h e

mooring flat •. The tens ion load on the load }'lock is pas s e d

onto the metor i ng flat an d ' the body of the hull throu gh the

locki ng collar o f the -t ens i on adjustment a ssembly and a

c~oss load ' bearing '1'CLB) . The moot ing compartments are

- t c c e eea in the Idib l e - wall ' , p~rtion _ of th.~ol~ns . , Th e

do uble-wall c ons t\ct i on ex~ends over the splash zone a nd

thus , besides protect i ng the mooring equ i pments, helps

- improve I flooding dama ge control' .

~ The lowe 'r e nds of the te~ers are fixed t o the anc h o r

templates which are in .eu en piled ont o the sea floor . The

/



bott om end o f each tether has ancho r connector for

attach i ng ....its elf to the template. This cc rmecto r- is

activated::~ · the f orce of grav i ty . I t c an be disc o n nqcted by

h y d ra ul i c lc?"~ces remotel~ operated, from the deCk . . <

:A ...
Both ends of the t ether s h ave e lastomerit f l ex- joint s

which a l low ' f r ee r o tation upto 1 8 .5 degrees.

Th e ~l~ ,and t he d e c ks a re fabricat ed separatel~ and

mated in sha l loW water . Th e assem,bled hul l is to"," ed to t he

o f fs hore sit e and

s ystem .

insta l led w:ith the help of the moo r i ng ,

The t ether sys tem . installa~ion i s ca rried o ut in c al m '--..

weather . The p lat f orm is t emporarily moored wit h t h e he l p of

a n ei9ht-po i ~t cat en ary moo ring . High stre n gth steel

t':)~lars. wh ich ma ke up the '. e t h er e lements , are stor e d in

the moo ring compa r tment '. Fi r s t, a. s ing le te t h e r i n e ach

o o lumn i s assemble d and l ower ed t o be ; s tabbed I in t o t he

!' l r eady instal led a nchor temp l a tes o n the sea f l oor . once

the locki ng of t he b?ttom ends i s ao hieved , the plat form i s

pUlled dbwn by hyd raulic j ~CkS. The re m<;Lin i nq tet hers are

n o"," i nstalled and t he platform brought t o its operating

draught by comb i ned "debalhst i n g an d pull i ng down on th e

tethers by hydraulic j ac ks. The pl atform is now 1n the 'TLP
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model . The l oad cell s 1n each co r ner c o ntinu o usly mon itor

t he, tether t ens ions and meee values ar e use d to ad j ust on ­

boar d l oad distribution .

TL Ps ~r~ r egard ed as bet ter perforD\ in q p latform s t han

manY"" ' other designs for- a numb e r o f- reasons . It can be very" ./ '. .
suitably deployed in d e e p 'wa t e r . S i nce it can b .:: llloved fro m

one loca t ion t o t he other f ai.rly e a sily , it is expe c ted t o. ' . "

be ulirerul i n developinq mar g i na l f i elds. For u s e in d eeper

. wat er (wi t h i n a cer t a in r ange) onl~ t h e extra leqg t hs of

.t eth e r s ~o~ld be .necessary thus ke epi ng t he deployme~t cost

lo w.

While t he TL Ps expected ' t o. . be one ~the mos t

_ popu'l a r off~hore st ruc tur.es in . t .hS n~ar fEure. concern
reqa~di nq t.he ir o perat i o n ha s been , expressed y industry and

r eeeaeebec e , TLPs are ~ighlY se nsitive t o h e weight · on­
boar d , and i ts . dist r ibuti on. Because ,o f the presen ce. of

t~ther8 1 coupled dynam~c anlysls 1s often requir~d . , I n orde r

,.
the s t r uctu ral a rrangements t e nd t o become more complicated .

to bea r t he extra lo ads arising ou t of the tet her tensions , - )

Teth ers are ' very critica l structura l me mb"rs SUbj ected t o

hi gh. e ereeeee . a n d t a t lque Lc ede , 'Ad d iti on a lly , various

nonl i n ear ' phenomen a a~e of . r elevance in case of . TLPs . In

j:.:.

. ' / . ' .---- '. ...... ,.. .



. ~>particula r . respons~ t Oo ·s e e D, . o~er

i n s t a b il i t y . ay be . e n t i oned .

r:
f or ces and dY!'amic

. ,
Although a conpiderab l e &lDOu nt of "· ltnoW'l edqe has be e n

~a lned regarding th e . behav i o ur of T LPS, lIu~h is. yet l e ft to

be un derstood ~ 110 that efficient a nd r e liable · design

p!:1.i losophies lIIay b! esta blish ed s o t hat t he o p erab i 1 ity. a n d

safety. o f the s t ructure lIlay b e ass u re d.- . .

.. . ..i,;.-
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Chapter 3

TOES IS d'BJECTIVES ANp RESEARCH PLAN

It · must" be appreoiated at this point that t he presence

of Mghly tenslon:d t E!.thers with- large a xial stifn~5s in a

TLPis the lll~o~reason ·....hy. it :~ehaves so' differe~tly t~an
othertlo~tin,:; structures . It is therefore imperative that

attention is given·t~ enar yses ' of situations with total ~~
. _ . . " . T .. ' .

. 'p ar t i a):_ ~oss of tethers at ~ne or more corners. Such losses

may occur due t o' f~llure of encbces , failure of , l oc ki ng

arrangements. ·b:r;.eakaq~ 'o f tether tubulars or s i mi l a r
- ::--" I

reasons . It woUld -;'_, then be come net e s s a ry to remove the
. ' . ~ . . -

da~aged tethers for repair or . r epl a.ceme nt . Damage to columns "

a;,lso deserve . adequate a.ttention but pi~vic:ted that "t h e s a fe t y

of the water-tight hull is not at s t lJ1te, s\lch dC!mages may be '

mue~ less fstal ~han " 'si ,eable less of t ether• . Te~Jer lO SS,'

··is like~y to ~~fect,.thfJjstabil~ty and tJ:te responses of the

platform and may induce higher loads in the r e ma i ni n g active

tethera .'aB well as th~· rise': s t r i ng s . Sudden loss of tetherS'

may .i n i t i a t e high" transient loadings t h at may trigger

progressive damage oe the , rest of the t ethers .
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It may be mentione~ .ne r e that no detailed .and

comp rehensi ve ~tuc;iy of TLP be'hav,iou~ follot,lQq ' a sizeable

t e t he r loss i s y e t reported in .pu b li s h ed l ite ra tu~e . The .

pr imary obje~tive o f this t~eais i s to study the change~ i~

static and dynamic . behaviour of an .e xa mpl e Tf-P i n . I intact'

. ~ and ' l o ~ s-of-tether " (hereafter a~so . r eferred to as'.

~. damaged" l condl~ns through' "b o t h theo'retical ' and ~
expe'rimEmtal iiwestigations . · I~ brief , the scope of . .'~:he

pz-e ae nt; , t.h~~ i,s . wor~ may , be --described as :

" .
1;:' De":elop!adopt , fO~ulat ions ' necessary ' f c:'r hydrostatic

. and hydrodS'na'mlc ,inv e s tiga t i ons • .

2. . Deve lop c omput e r s o f twa r e fo r hydrost atic and

hydrodynamic compu~at i ons ., .
_ .b- . Analyze ' the _:c,hosen. :rLP for evajuau Ion of- stability

,c h a r a ct e r i s t i c s "and rQoti o n" and tension reeponsee in i ntact

"a nd tether damage co nditions .

; 4. Design a nd c onduct mo<'!el-scale e xpe;iments to obtain

data....for".comparisOnwith ,t h e theore tical finding·s .

ana1~
addition , ~ a special study.~i~ · also' ~nder~aken t o

the Mci:eh ieu type. dyn am'i p i 'nstability pe cu lfa r to
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structures such ·a s TLPs . Table 3 .1 lays out the key plan of

the major "r e a eerch activities.
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Chapter 4

L I T E RATU RE REV IEW

The two rnaj or systems that i nterac t closely ' to po rtray

the overall behav:~our of a -TLP a re namely its maIn buoyancy unit

(the hull ) and its rnoor lngs (the teth':lrs) . To obtain a complete

informatIon o n the r e s po ns e s of one ot ~hese sy.stems . knowledge

' o f r es p o ns es . of the _ ot her beccraee a pre-requisite . " Thus the
, .

response an'alysis becomes non lInear and- iterative i n natu!,8

although depe'~d~ng on t he type of i nformation ~oug hi:..

Si mPlif i.;Jt i ons compatible to c:u r r ent em;1inee~ing practiCle .are

o f t e n made to obtaIn pr a c t i c a l solution to t he problem . pr~Yious

experien{es With . a~alysis. o f fl oating bodies, semi-SUbm~ rs lb l es

and other compliant structures have ,p r ov i de d the r equ i r ed . ba s i s

for much of the techniques be"i ng employed for an~lysis o f TLPs .

I n ~ost analyt i cal models fo r evaluation of ove ra,ll

response o f TLP, t he hu ll is r e garded a s a ri9.id body While t he

tethers are modell ed as elastic members : The hull a nd t he t ethe r s

may be exci ted ' by waves , ~nd cu r rents . Addition~IY . _t_~e a bov e

water p!'rtion of the hu l l would a l so e xpe r i e nc e ' ..,ind . loa~s . In "

orde r- to obta irl. 't he 'responses , s t and ar d f o rm of equat ions of
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motion are used ....hieh _,ar e essentially the generalised r orce

.ba l a nde equations.

Three main approaches-; all amenable to only numerical.
schemes of solution for real life applications , may be identified

. ',\lIn connection with computation of the hydrodynamic loading. The.

-...- first approach requires the fluid flow to be solved on the

boundary of interest i!?- orde~ that .tih e pressure distribution can '

be ·calculated. , The forces and moments are then found by proper

integr~tlon of this .pr e1s sur e . Th i s is done by obtaining solution

to the classical. Laplace Equation in 'Ideal fluJ.d ' domain,

sub'[ec't; to the ~revailin~ bound;"ry' condition~ . Th': theory i s

classical ,but the computa.tional difficulties that ' arise when a

practical structure has to ,be considered have been circumvented

only ih r~cent years. A particular schem~ of solution called: the

I thr,ee-dimensional source-sink distx:ibution technique I ha,s .been

suggested, amongst others, by' Faltinsen and Michelson (1974) .

. The ' a~ove approach, thougl} ,mat hema t i ca l l y " r i g o r ous , has

many disadvantages . The formulation is quite involved and- the

typiCAL . computat~on time' is very long , particularly i n cases

where iterative ·me.thods are to be use.d. ~ Often . h~ndling o~ very, • .

large matrices becomes necessary thus imposing limitations on tt),e

. size and/or shape of the body to be analysed. Also the effect of

vtsecue drag .eennee be taken into account thus leading ,t o



".. .. .
inaccurate estimation of forces on r elatIvely s l ende r bod i es . An

/ alternate e pprcac h Which relies on semi -emperica l r ela tion s

simp l e r strip theory f o rmul a t i on s is often employed to evaluate

t he ~ydrodynamic l oad i n gs on three dimensionCill bodies. This

ap proach is particularly advantageous i n ha ndl i ng s tructures as

space f r ame s bu t a lso introduces e rror s ' due t o the simplistic

assumptions used .

. ", Es t i ma t i on of !tYdrodynamic fo r ces on a s lender pile by

semi- empe r ica l. r ela tion was , first proposed by MOrison a t a1.

( 19S1). Under the second ca tegory, the present d ay f ormu lat ions

for est~matf~n of for~e~ on t ub ul a r s of float ing structure ~ are

essen,t:i,.alLy de r Lved or ;ntuitivel y extended from the original

Morison equation. The work of Bur ke (1970), Pa u l ling and Horton

(1970), Hooft ( 197 1), Ki m and Chou (·1973) a re typica l e~amples of

the use of ' this app roach. I n order that t he t ot al force on a

structure ma~be compu ted from t h e forces calculated on its

compo nent ir,:~rs. t he " hYd~odynamic int eractions am'ong t h em i s

ignored . Th;:m:rces on i ndividual members thus may be adde d

vectorially t.o y i !'ll d the ' t otal f orc e 0"; t he structure . Thi s

assembly , is what has been t e rmed as ' hy drody namic s ynthes is'

(paUlling, " "1985) . It may be noted t .hat in this approa~~ ,.t he

v i s c ou s d r a g e f fe?ts ar e a lso . inc luded via sem i-emp i r ical

relations . while diffraction effects are ne glected. Di s cussion on.
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the use and applicabili~y of this method may be found in

sarpkaya , 1981.

I
The third approa'ch aims to combine both t he above

appro.~ches by applying the ,f i r s t one to larger members and the

second one to t he relatively ',s l ender rnembsl;$ . This is expected to

yield Impr~v.~d r esults , see fo r exa~ple Standing (1979) . Garrison

( 1983) e tc . 'As the tIlerits of both the approaches are merged i nto

one, t he inherent deme rits o f each one o'f t hem also bec ome a part

o f t he combined ·met h od . A comparison of results obtained via

various approaches is given by Pau l ling (198 1) .

, .
The tethers provide restoring forces Jto\ the platform and

thus are included in the equations of mottat: . The- ea r l-iest work

on TLP r e s pons e s reported by Paulling and Horton ( 1970) p rovided

a li~rized mo~el f o r f requency doma in analysis . I n this ~ork,

' t h e t ethers -a r e taken as l i near springs wi th on ly axial

s t iffness. ~mputed r e s u l t s matched fai r ly w~ll with

exper imental data .

A time doma i n a naly s i s was used by pauliing (1977) to

eva l uate responses of a TLP Where a f ew n'onl i nea r effects such as

(i ) nonl inear terms in ~he rotat ional equations o f motion, ( 11 )

nonlinear drag f or ce , -( i ii ) i ntegr a tion of the hydr~ynamic

/

f orces t he instanta n e ou s ·we t t ed surface a nd (iv) position
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de p en de nt; t ether teneions f or c alculation of restoring forces

were inc l ud ed. TI.!IIO! mod el i s c a p ab l e of providing both steady

s t a te and trans ient s o lu t i ons .

Eff.ect of va ri ou s o t h e r related ph enomena s u c h - a s

I inertia relief' , '?raw- down forces ' . etc . on TLP responses are
I

s t udied in the analysis by Kirk a nd Etok (1979) . TLPs are' treated
"

as cou p l e d s y s be ms by impl icitly including the tether dynamics in
the reaponse analysis by Pate l a nd , Ly nch (1983) '. Amongst the'

s econd order l oad i ngs, t he effect of drift has been calculated by

au thol"s su ch as Burns (1983) . Ka~eem and Dalton (1982 ) and

Harltos (1985) have computed the t ypic a l l oad s due to constant

a n d time-varying wind flows and ha ve shown t he 'i mp or t a nc e ,o f the

inclu sion of s uch ,b f f e ct s i n the overall TLP, dynam ics .

The general motion and tension responses have also been

e valuated by experimental - means and c or r e l a t ed with the
, , .

theoretical predictions. Some of this work is described by

Faltlnsen et a1. (19 74), Rowe et a1. (1979) , Lyon.s et a1. (1983),

Dunsire :ilnd Owen (1 984 ) , Dil]:I ~;~am ( 1984) .

Rainey (197'") hrlS d emons t r a t ed the pos s ible occurrence of ,

Mathieu t ype dynamic ins tability in TLP response at critical wave

frequencies . I n this work a I feed back system I ana,logy ha s be en

us ed. Ana lytical methods for dete rmination of such critical
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regimes of -vave loading ha ve been suggested by Ri chardson (1 979) .

Patel and Jefferys ( 198 1 ) , . 'laneya and . Yoshida ( 1? 8 2 ) , pa u Lk Lnq

( 198~", concelcao ,and Neves (19,83) e tc . A numerical method bas ed

on. Floquet theory rea~lY 4t~ptibl~ ~_o computer application:. has

been described by De end Booton ( 198 6a ) and Deb and Booton

(1986b). A "r ep o r t y .a c we and Jackson (1980) describe s

experiments conducted ' t o observe unstable TLP responses i n mode l

s ca l e .

In normal s i t uat i ons a TLP has an equal amount of tether

st i f~ness at all , c~rners . Loss of stiffness and ecjunibrium

te~sion redistribution would take plac e if any of these tethe r s

w~re to fail, and would influence the responses o f a TLP. In

spite of !ts i nd i s putabl e significance. detailed analysis of TLPs

in tether-lOBS ·cond i t i ons is rare in pUblished. litera~ure , St a tic

t en sion r,edistribution after a complete loss o f tethers at one

carner was noted during an exp e r i ment by Sebastini et a1. (19 81) ,

The effect of small ' l o s s e s of ' t e t h er ' stiffness on the overall

ch~ra'cteristics has. been described by B~oton et a1. (19 86). The

impact of a sudden loss of all the t ethers at one corner on the

tensions in rest ot the tethers .i s briefly reported by Sekita an d

Sa kai (1984) . I ndication o f simulations carried out by CONOCO to

obtain similar inforniation for the Hutton TLP are given in a

short state-o '~-the-art report by Schamaun and s~nnum (1985 ) ,
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The cO~l-1ex and ott e n contrad icting design ~equirelllenta

at . a TLP have t:emanded on going a ttention by r e s ea r c he r s.

Invest igations relate·1 to de s i g n and de velopment and applications

o f vriOUs ana lysis tc. qu ide. the des ign procedures of a T~ are

fo und . in c-.e r esea rch . tot' Godfrey (1976) . Roren a t e L, ( 19 77) .
\

Cap:u~og] u (1979), Perr ett and Webb (1 980), ~ou :at at • (1980) ,

. Tio!n e t a 1. (198 1), Ell~rs (1982 ) . Ellis (1 982 ), Kar~an a t a 1­

( 19 " ~) , Merci e r a t &1. ( 1982), Chou -at a l . (198 3) . Fa ulk ne r e t

4 1. (1 98 3 ), Patel an d Witz (1985) e t c . For ge neral ref~rence. on
dynami c analysis of "t he TLP a nd i ts t ether s ys tem, the w~rk of

. Al b r e c h t et ~l. ( 1978) , Asford and Wood JI978) , ' Denise a nd Hea t

(1 979 ). Gie a nd de Boom Q,".181 ) , st ill.tnsen a nd Che n (t981) .

Hudspeth a nd Leo na rd ' (1982). Yonsyd and Y,:,shida (1982 1. Jetferys

and. Patel ( 1 9 8 2 ) • . Aga rwal a nd Spanos (1~8)). d e Boom E!t . Ill.

(1 98) . Teigen ( 1983 ). Pa ullinq ( 19~6) .e t c . ma y be me n t i o ne d.

*,-.
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Chapter 5

MOpEL SCALE SlffULATION 0f:..jjf

5 • 1 General :

The tension leg ~latform ~I!f a relatively new co ncept;

and , ;s a system,- 'h i gh"I y complex . In' spits of efforts made

by various researchers, quite a fs!"' aspects rega. rdin~$

:r:esponee to environmental loads are not complet~

understood . Quite often the analytical methods ,ha ve to

,s a c r i f i c e rigor in order to 'be computatic'nally efficient and

t ,hus- bear the possibility of yietding inaccurate results .

Some times enough is not known to "a d e"qu at e l y desqribe a

phenomenon by analytical means . Hence, 'i n an effOrt to gain

confidence in theoretical predictions ' made or to better

understand. some of the complex phenomena involved,' a number

of - TLP model ' test~ have already been undertaken. In the

present research , model scale tests are primarily designed

.t o provide the following

. / (1) experiment:al elata from statical stability and

~teaely s~ate motion response te~ts to cross check computer

(-

~. \
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