CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission)













’ .

é’l‘A’I‘ICS AND DYNAMICS OF A TENSION LEG PLATFORM

- N, /. 1
' ‘ INTACT AND TETHER DAMAGE, CONDITIONS ~
~ § . - ) B
- by -
© Manas Kumar Deb, B.Tech.(Hons.)
- - 0 o
K .
N A Thesis submitted to the School of Graduate Studies
in partial fulfilment of the requirememts -
N for the degree of’
¢ Master of Engineering v
g g -
{ - \
Faculty of Engineering and Applied Science ¥
Memorial University of Newfoundland
November, 1986 . .
S . ‘
St. John's . Newfoundland Canada




“\

Permission has been granted
to the National Library of
Canada to/microfilm this

to lend or sell

sis an
— cop: of ﬂ}e £ilm.
—

The author (copyright owner)

as reserved other
publication rights, and
neither the thesis nor
extensive extracts from it

‘may be printed or otherwise

reproduced without his/her
written permission.

L'autorisation a é&té accordée
4 la Bibliothéque .nationale
du  Canada de microfiimer
cette thdse et de préter ou
de vendre des exemplaires du
£ilm, N .

“ L'auteur (titulaire du droit
.d'auteur) se réserve les
autres droits de publication;
ni la thése ni de longs
extraits de celle-ci ne
doivent &tre imprimés ou
autrement -reproduits sans son
autorisation écrite.

ISBN 0-315—36976-0




ii o)

The aim of the présent investigation is to study the

static and dynamic behaviour of a.tension leg platform in

the intact condition and after partial or total loss of

tether at any corner. The exercise involves formulating the
statics gnd’ "dynamics of column stabilised st:ructu‘fas with
taut moorings and implementing the same in appropriate
computer softwares. Formulations ave also made to calculate

the equilibrium tensions after a loss of tether.
e bl

The i m for hy es is. capable of
generating the 2 i on—as- well -as

locating ‘the equilibrium configuration of the floating body
under a given set of externfl static loads: This is used to
assess t.h; statical stability of the tension leg platform in
damaged cases and compare the same with its vg:iaus other

configurations.

Under the category of hydrodynamic analysis, two major

types of , namely .' domain' and ‘timé

domain' are employed. In the frequency domain approach, wave

amplitudes and all displ aret to be small.
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Also, i ’on.-of “ehe -3} ic forces is carried out
qver the mean A;letted- surface of the body. The wave
excitation forces are calculated via a 'Morison type'
formula and an iterative scheme is adopted to har}dle the

nonlinear drag term. Thi’ analysis is used to compute the

'teeponee amplitude opetators' (RAOS) in intact and damaged -

conditiane. significant: responses are ulsc computed using
these RAOs /and Pierson-Hoskothz wave speqtta for chosen
wlnd‘ spe'ed‘s.‘ In the tim; domain analysis, thuuql_: assumptions
similar to .triquency 7dmmiﬂn analysis are made regnrding the
incident Have. However, ‘no restriction \is put on the motion
of the l;ody. The excitation and the re‘active forces are
calculated over the instanteneoqs wetted eurface and at the

displeca‘d position. Nonlinear equations. of motion are

obtain time-series data of motion and tension responses in

order to study the variation of steady state m’nplitudes‘ in

intact am_i damaged ‘conditions as wel‘l ag tzeheients
following a loss of tethgr.

v

a speci}l study ct the occurrence of Mathiey typg

dynamic instabilty in tension leg platforms )s algo

~ “iIntegrated using Adam's “method. This Enalysie is used to ¥

undertaken. A formulation to calculate unstable combinations

ot wave height and frequency 1: developed bdked on Floquet
theory for periodic eysteme. ‘rhe effect of wu}ﬂi pertinent




paraneters }ncl\ding loss of tether on

\i‘nstabilitx is also

investigated‘. ' .

Furthermore, a 1:100 scale model of a representative °
tension leg platfom'is designed and fabricated. Experimants
are conducted .in regular and irregular waves ln both intact
and damaged configurations and the experimental\ observations
are cnmpatad with those predicted by the thanreéical models.

s \

It is seen that a \&nplete loss of tether at any corner
can reduce the statical stability of a tension leg platform
drastically. A l'oss of tether, in deneral, is found to
increase the platform motions in vert‘lcal planes as well as

the static and dyn_amic tensions in the remalnlng intact

tethers. Total loss of tether at one corner induces snap
lt.:ads in one or more corners. Depending on the wave height
and frequency, these snap loads could be high .enough tp
t{xqqer further tether failures. With reand to. Hathiel\ typa
dynamic instabiuty, even a 25* loss ©of total axial
stiffness of the tethe!‘s 1s seen to have anignulcant_

effect on the occurrence of such lnstability. .
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Chapter 1
L R U
xmw_cugu‘

. - The escalation in the size of conventional dr_illinq
platforms for deeper waters and more.severe environments
ceuld make much of the oil discovered in such areas remain
unrecovered. Many innovative designs that have evolved in
the _last two decades aim to providé economically viable
solutions to this preblem.

Among the conventional il production facilities, steel
jacket or concrete gravity type in fixed structures and .
floating platforme such as semi-submersibles are ;he most

L N 'p_opular. Fixed structures offer the best working conditions
since they p'rovlde a stable platform from which to work
Unfortunately, the natural periods of oscillation for thea(
structures increase with water dei;th and get into the 'high
energy content 'zone' of the s‘ea]ane_rg_y spect‘xum, making the

PO . structures vulnerable. to high dynamic sttesasg duk to
environmental loads. This may be avoided by providing extra
stiffening and thus kaepir}q the natural periods dowh, but

s

this solution makes the ~structure very heavy and’

Nz




1 . 2

uneconomical. Floating units with soft moorings, on the
other hand, are eco‘nomic‘ally viable Eo; greater water depths
but fail to remain adequately stable dui‘inq heavy weather
c‘onditicns. Th;refore, a lot of ‘'down-time becomes

unavoidable. |

'compliant platforms' emer‘ged as suitable alternatives
for deep water applications where platform natural
periods are outside’ the high energy zone of the sea energy
spectrun. These have qptions of restricting motions in
certain desired de‘gxees of freedom while mnvinq‘
'compliantly' with the external loads in the others. A
'tension 1leg platform' (TLP), alternatively known as
'tethered buoyant platform' (TBP) is one suc_.h compliant,
structure that, in recent years, has received a great deall
of attention from oil companies and researchers. Its
suitablility in deep v;a/tevr applications in termvat cost
againstvfixéd jacket structures is demonstrated in\ ig. 1.1

(Dunn, 1979). Fig. 1.2 shows the typical TLP natura pericds

/

A TLP is a positively buoyant unit ‘that {s kept in

as compared to typical'sea energ‘y spectrums.

position at a location by the help of a skt of taut
moorings. The "tension in these moorings alance the

difference in buoyancy and weight. The static pretension may

" " /
[ /
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3 ~
typically be in the order of 25 to 30 per cent of the total
displacement of the platform. The mocring“ elements have Véry
- 'high axial stiffness due to vhich motions in the vertical ,
planes i.e. heave, roll and pitch are severély suppressed.
Tl;é'plﬁi:fom, however, wouE exhibit large excursions in the
horizontal plane i.e. in surge, sway and yaw modes, thus
absorbing the wave energy through t);{e gained momentum.
° : g .
The first design’ of such a structure was produced by
the pioneering English engineer, A.F. Daniel, some 'Ewenty
five years-ago; his platform was named 'Tr‘iton‘ shown * in
Fig. 1.3. In order to obtain better performances, the TLP
configuration has. undergorie a lot of modifications since the
time of Triton. The present day TLP is'a colm‘nn stabilised
structgre a.ppearing somewhat 1like the familiar semi-
submersible .rig with much bigger columns pulled down to the
sea bed by vertical taut moorings. To date the only TLP in
operation is the one in Hutton field in North Sea. As a
concept, a TLP is intended to be used at water depths
greater. than 600 feat, bu:thg/ﬂutton TLP is deployed in a
water &epth of only about 485 feet since the sponsors felt
that the cost of the TLP for that location would not be
higher ‘than conventional jacket structur; and also a petter
knowledge about TLP behaviours was necessary betore‘it c_:duld

be sélected‘ for deeper waters. Table "1.1 (Ellers, 1982)
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offers a brief compari€on of . certain relevant aspects

. betveen the Hutton TLP and a few other types of offshore
production facilities. i
o g .

Ti{e superior performance and elegance of TLPs depend
_largsly on the performance of the taut moorings or the so
called ‘'tethers' (alterﬁati‘;ely known ‘as 'tension legs' or
'tendons'). Thué, quite justifiably; tethers themselves have
received a good share oé the total research work devoted to
i‘LPé. Damage to one or more tethers may have rather

undesirable effects on the overall ;;erfpmance of TLP and to

the well being of the rest of the tethers. The main thrust .

of this thesis is to investigate these effécts through
theoretical and experimental means since not much |is
reported in the published literature bn t'his particular
topic.

. cfmapter 2 offers a description of a tension leg
platform. Thesis objgctives and research _plan are given in

Chapter 3. A brief\reviaw of relevant published literature

‘is pro:rided in Chapter 4. Details of model scale simulation X

of a TLP at Memorial University of newtohndlaﬁd, St. John's,

Canada, given in Chapter 5, include development of modellinq,

laws, descripgion of the model, experimental arrangements

and instrumentations, test progran and data analysis etc. A
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procedure to calculate the equilibrium tensions after a loss
of tether is developed and 1J:1ustra:ed in Chapter. 6.
Hydrostatic and hydrodynanic analyses are described in
Chapter 7 and Chapter 8, respectively. Both frequency domain
and t].me domain approaches are discussed under hydrodynamic
analysis. C’haptar 9 gives the details ot the investiqatinns
on Mathieu type(dynamic instability of TLPs.

In * with . the ion ‘followed in’ this

thesis, theoretical and e;rperiment:al reshlts are diséussad
in every chapter, as applicable. A summary of observations,
however, is presented in Chapter 10. Aé'c?it;cnally, general
comments on the present study, recommendations for future

research etc., as realized by the, author, are also included

" in fhis chapter. The text of the thesis is followed by a

list of referénces, and tables and figures. Four appendices

- are also provided which give the source listings of some of

‘the computer codes developed during this thesis work. All

the input variables required to, create the input files and
the computed output variables are described in the header
information of each progran. Addi::lonally,'the input data

are also reproduced on the output in a converiient form.




“Chapter 2

———

;\‘tensiv'an leq platform is a -t_lua}inq production unit
where buoyancy excéeda itd ‘weight. It is held down by means
of a few clusters of tethers. The tension that balances the
difference in buoyancy ana-—/the weight keeps these tethers
taut at all. times. :

TN
-

The main buoyant unit of the structure is the 'hull’,

.which, unlike semi-submersibles has larger vertical columns

and relatively smaller horizontal pontoons. This hull, on

the upper side, bears the production facilities and on the

lower side is to the . The platform is
constrainéd to move in vertici planes by providing very
high axial stiffness to the t&thers. It is,% course,
compliant in the horizontal modes.

Since the TLP is a relatively new concept, a brief

description of its various components and their functions

may . be of help for the reader to apl;reciate the /

complexieties. and the problems associated with such, a
i

structure. This will probably be best achieved by cho g

i
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the Hutton TLP as a representative TLP. Fig. 2.1 shows.a

perspective view of this TLP while the main particulars are-

given in Tabl : -—
- i £ -

The Hutton TLP has a six-column configuration. The'
column tops are connected by a box théture which is
essentially a grillage of deep plate girders. The bottom /vat

the column is by lar thus

increasing the overall rigidity of the/ Platform. The columns
and the pontoons are of stiffened plate cor;structioh. P

A mooring compartment is housed in each corner column
where the top ends of tr:'e _tethers are secured. The moorint;
equipment, . including the 1load block; is placed on the
mooring flat. The) tension load on the load Plock is passed
onto the mooring flat and the body of the hull through the
locking collar of the -tension adjustment ' assembly and a
cross load ' bearing ?CLB). The mooring compartments are
-located in the 'double-wall' pc;rtion of thdcolimms. The
double-wall construction extends over the splash zone and
thus, besides pratecting the mooring equipments, helps

~ improve 'flooding damage control'.

The lower ends of the tet\hers are fixed to the anchor

templates which are in turn piled onto the sea floor. The

[

~_
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bottom end of each tether has an anchor connector for
attaching .itself to the template. This connector is
lafétivated;’)—'i‘y the force of gravity. It can be disconngcted by

hydraul ic {d8Fices remotely operated from the dedk.

e %
Both ends. of the tethers have elastomeri¢ flex-joints
which allow 'free rotation upto 18.5 degrees.
The %ll]. and the decks are fabricated separately and
mated in shallow water. The assenbled hull is towed to the
offshore site and installed with the help of the mooring

system. . A L

The tether system. installation is carried out in calm
weather. The platform is temporarily moored with the help of
an eight-poiﬁt catenary mooring. High strength " steel
tg‘\:lars, which make up the ';ether elements, are stored in
the mao;ing compartment. First, a single tether in each
column is assembled and lowered to be 'stabbed' into the
5lrsady installed anchor templates on the sea floor. Once
the 1‘ockinq of the bgttom ends is achieved, the platform is
pulled down by hydraulic jacks. The remaining tethers are
now installed and the platform brought to its operating
draught by combined deballasting and pulling down on the
tethers by hydraulic jacks. The platforn is now in the 'TLP

/



9
mode'. The load cells in each corner continuously monitor
the tether tensions and these values are used to adjust on-

board load distribution.

TLPs are r as better p. ing pl than
mamr cn:her designs for' a number of reasons. It can be very
suitably deployed in deep water. Since it can be moved from
one location to the other fairly easily, it is 5xpectad to

be useful in developing marginal fields. i’or use in deeper

‘water (within a certain rénge) only the extra lengths of

tethiers yould be necessary thus keeping the deployment cost

low. : .

While the TLPs are expected to be one { the most

;pnpullar efféhore structures in the near fyture, concern

regarding their operation has been expressed Hy industry and
researchers. TLPs are highly sensitive to the weiqht’;n-
board. and its distribution. Because of the presence of

t.e_thérs, coupled dynamic anlysis is often required..In order

to bear the extra loads arising out of the tether tensions, -

the structural arrangements tend to become more complic;ted.
T«;thars are’ very critical structural members subjeci‘:ed ';
high stresses .and fatigue loads. Additionally, various
nonlinear' Pphenomena are of relevance in case of TLPs. In

. ‘ "

/




o

instability may be mentioned.

Although a considerable alount of - knowledge has been
gained regarding the .behaviour of TLPS, much is, yet left to
be understood so that efficient and reliable design
philosophies may be established so that the cpernbility' and

safetyw of the structure may be assured.
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o x . Chapter 3 -

.TIV D _RE: CH P!
It must’ be appreciated at this point that the presetice
of highly tensioned tethers with large axial stifness in a
TLP is the ma\jcr reason why it behaves so differently than

other floating str .. It is i ive that

attention is tjiven' to analyses of sit'uatigns with total q:}
~”part1ag 1os; of ‘tethera a;‘. \cn‘e or more ::or;lers. Such losses |
may occur due to :éilure o? 'ancho_rs,. failure of locking
alrranga_n;ents, -b:\eakage ‘of tei:her’ tubulars o’r similar

reasons. It V,lo'ulr

', then ' become necessary to remove the
damaged tethers for repair or réplacement. Damage to co‘luﬁns "
. also deserve adequate a_tﬁenciun but (pf‘ovided that ‘the safety
of thé water-tight hull is not at s(;mce, Such damages may be
mucl‘x les.s fatal éhan a"si_zeabla»loss of tethers. Teé)-!e: loss,’
”is likely to a‘f!ecﬁ"thq stability and the responses of the
plutférnf and may {nduce higher loads in the femaininq active
tethers as well as th’é riser strings. Sudéen loss of Itetheré
may _ini\:iate high transiént loadings that may trigger

progressive damage of the rest of the tethers. %
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" ’ It may be mentioned -here that no detalle;{ .and
- comprehensive study of TLP behaviour folloking a sizeable -
‘tether loss‘is yet reported in Published literat\u‘re, The
primary cbjegtive of this thesis is to study the changes ii\
static and dynamic. behaviour of an .example TLP in. ' intact:
'Land ‘lcés-cf—tether" (hereafter a‘_lso 'referred to as
;'damaged") conditions -‘threuqh- ‘both theoretical’ and Py
. éxpe.riméntal investigai:ions.‘ In brief, the scope of .}:hg N L

\ g pre‘sent iheéis work may be described a$ :
.o X S toy B

. " 1y Developyadopt formulations necessary for hydrostatic
§ : and hydrodynamic investigations. ‘-

2.. Develop computer software for hydrostatic and
il . 2 v o i
. hydrodynamic computaticﬂns’. «

% Analyzé the .chosen TLP for evaluation of. stability

« .hharactéristics -and m'otion: and tension responses in ‘intact
‘and tether damage condit:ions. . ' i )
5 L 5
: i 3 , ! w o

v e . X : . . i i K .
E ¢ 4. Design and conduct model-scale experiments to obtain

datahfc'r. comparison with.'tihe theoretical findings. ‘ r g

“ 2y o ’ # .
. jn addition, a "special study. is’ also undertaken to
: anal,

ﬁf the Mathieu type dynamic instability peculiar to
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structures such as TLPs. Table 3.1 lays out the key plan of
the major research activities.
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Chapter 4

VIEW

The two major systems that interact closely to portray

the overall behaviour of a TLP are namely its main buoyancy unit

(the hull) and its moorings (the tethgrs). To obtain a complete

-
information on the responses of one of these systems, knowledge

"of responses.k of the- other becomes a pre-requisite.” Thus the

response analysis becomes nonlinear and iterative in nature

although depending on the type of information sought,

simplifications compatible to current engineering practide are

often made to obtain practical solution to the problem. Previous

experiences with analysis of floating bodies, semi-submersibles

and other cnmpliént structures have provided the required. basis

for much of the techﬁiques béing employed for analysis of TLPs.

In most analytical models for evaluation of overall

response of TLP, the hull is regarded as a rig»id body while the

tethers are modelled as elastic members. The hull and the tethers

may be excited by waves and currents. Addicmnaily,

water pcrtion ot’ the hull would also experience wind loads.

ordex: to obtain t:he responsas, standard form of equations

e above

In¥

of



. $m conn_ectim; with computation of the hydrodynamic loading. The.

“~

£ 15

motion are used which are essentially the generalised force

balande equations.
:

% , Three main approaches; all amenable to only numerical

a
schemes of solution for real life applications, may be identified

first approach requires the fluid flow to be solved on the

boundary of interest in ordei‘ that .the pressure distribution can’

be calculated.. The tcrces and moments are then £ound by proper

i tion of this . This is done by obtaxnmg solution
to the classical Laplace Equation‘ in 'idsa]_. fluid' domain,
subject to the prevailing boundary conditions. The theory is
classical but the computational difficulties that arise when a
practical structure has to be considered have been circumvented
only in recent years. A particular sche;n’d of sSolution called the
'thx:ee-dimens‘ional source-sink distribution technique' has ,been

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

The a\uve > » . though ically-~ri . has
many disadvantages. The formulation is quite involved and* the
typical. computatllon time ‘is very 1long, particularly in cases
where iterative methods are to be used. Often handling of ve:

large matrices becomes necessary thus imposing limitations .on the

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

viscous drag ,cannot be taken into account thus leading to
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inaccurate estimation of forces on relatively slender bodies. An
alternate approach which relies on semi-emperical relations or
simpler strip theory formulations is often employed to evaluate
the hydrodynamic loadings on three dimensional bodies. This
approach is particularly advantageous in handling structures as
space frames but also introduces errors’ due to the simplistic

assumptions used.

Estimation of glydrodynamic forces on a slender pile by
semi-emperical. relation was ‘tirstr proposed by Morison et al.
(1951) . Under the second catvegcry, the present day formulations
for estimation of forces on tubulars of floating structures are
'essentihauy derived or intuitively exténded from the.oriqinal
Morison equation. The work of Burke (1970), Paulling and liortan
(1970) , Hooft (1971), Kim and Chou (1973) are typical examples of
the use of' this approach. ‘In order that the total force on a
structure may'\be computed from the forces calculated on ‘its
comp:nent %a, the "hydrodynamic interactions among them is
ignored. The rces on 1naividua1 members thus may be added
vectorially to yield the total force on the structure. Tilis
assembly is what has been termed as ‘'hydrodynamic synthesis'
(Paulling, 1985). It may be noted that in this approach the

viscous drag effects are also included via semi-empirical

relations. while diffraction effects are neglected. Discussion on
.
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the use and applicability of this method may be found in

Sarpkaya, 1981.

The third approach aims to combine both the above
approaches by applying the first one to larger members and the
second one to the relatively -slender members. This is expeéted té
yield inTpx'ro,ved results, see for exapple Standing (1979), Garrison
(1983) etc.'As the merits of both the approaches are merged into
one, the inherent demerits of each one of them also become a part
of éhs combined method. A comparison of results obtained via

various approaches is given by Paulling (1981).

The tethers px:nvide restoring forc’::Zto\the platform and
thus are included in the equations of mot. . ’l“he’?arlriest work
on TLP responses reported by Paulling and Horton (1970) pr;vided
a lin“rized modpl for frequency domain analysis. In this work,
‘the tethers -are taken as linear springs with only axial
stiffness. c;mputed results matched fairly. well with son‘te
experimental data. : : .

A‘time dom\aln_ analysis was used by Paulling (1977) to
evaluate responses of a TLP where a few nonlinear effects such as
(1) nonlinear terms in the rotational equations of motion, (ii)
nonlinear drag force, ‘(iii) integration of the hydrodynamic

forces over the instantaneous wetted surface and (iv) position

. oL . g
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deper'\dent tether tensions for calculation of restoring forces
were included. This model is capabie of providing both steady
state and transient solutions.

Effect of various other related phenomena such as
'inertia relief', 'draw-down forces', etc. on TLP resp‘onses are
studied in the anal’y\sis' by Kirk and Etok (1979). TLPs are treated
as coupled systems by' implicitly including the tether dynamics in
the response analysis by Patel and -Lynch (1983). Amongst the
second order loadings, the effect of drift has bbeen calculated by

author's such as Burns (1983). Kareem and Dalton (1982) and

' Hariitos (1985) have computed the typical loads due to constant

and time-varying wind flows and have shown the ‘importance of the

inclusion of such effects in the overall TLP dynamics.

The general motion and tension responses have also been
evaluated by experimental- means and correlated with the
theoretical prédietions. Some of this work is described by
Faltinsen et al. (1974), Rowe et al. (1979), Lyons et al. (1983),
Dunsire and Owen (1984), Dillingham (1984). ’

Rainey (:‘197'7.) has demonstrated the possible occurrence of ,
Mathieu type éynamic instability in TLP response at critical wave

frequencies. In this work a 'feed back system' analogy has been

used. Analytical for ination of such critical
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regimes of wave loading have been suggested by Richardson (1979),
Patel and Jefferys (1981), Yoneya and.Yoshida (1.582), Paulling
(198%), conceiGao, and Neves (1983) etc. A numerical method based
on Floquet thedry readily gz;}aptiblg to co;l\putér applicaticnsl has
been described by Deb/ and Booton (1986a) and Deb and Booton
(19865). A 'report y Rowe and Jackson (1980) describes )
experiments conducted ‘to observe unstable TLP responses in model

scale.

' In normal situations a TLP has an equal amount of tether
stiffness at all corners. Loss of stiffness and equilibrium
tension redistribution would take place if any of these tethers
were to fail, and would influence the responses of a TLP. In
spite of its indisputable significance, detailed analysis of TLPs
in tether-loss conditions is rare in published literature. Static
tension redistribution after a cohplete loss of tethers at one
corner was noted during an experiment by Sebastini et al. (1981).
The effect of small ‘losses of ‘tether stiffness on the overall
cha.:racteristics has been described by Booton et al. (1986). The
impact of a sudden loss of all the tethe;rs at one corner on the
tensions in rest of the tethers 715 briefly reported by Sekita and
Sakai (1984). Indication of simulations carried out by CONOCO to
obtain similar information for the Hutton TLP are given in a

short state-of-the-art report by Schamaun and Sannum (1985).
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The co-/p!.ei and often icting design r_amxi

of. a TLP have demanded ongoing attention by researchers.
Investigations related to design and development and applications
of various analysis tc guide the design procedures of a TLP are
found. in the research, of Godfrey (1976), Roren et al. (1977),
capanogla (1979), Perr‘ett and Webb (1980), Chou et al. (1980),
. Tien et al. (1981), Ellers (1982), Ellis (1982), Karsan et al.
(1982), Mercier et al. (1982), Chou'et al. (1983), Faulkner et
al. (1983), Patel and Witz (1985) etc. For general references on
dyhamic analysis of ‘the TLP and its tether system, the wgrk of
.Albrecht et al. (1978), Asforc and Wood (1978), Denise and Heaf
(1979), Gie and de Boom (1981), Stiatnsen and Chen (1981),
Hudspeth and Leonard (1982), Yoneya and Yosr;ida (1982), Jefferys
and Patel (1982), Agarwal and Spanos (1983), de Boom €t  al.
(1983), Teigen (1983), Paulling (1986) etc. may be mentioned.

-



Chapter 5
OD! ALE ST OF TL!
5.1 General :

The tension leg glatﬁom is a relatively new concept
'and, e;s a systen, 'hitjh’ly cumylex. In spite of efforts made
by various researchers, quite a few aspects regardin its
response to. environmental loads are not ;emplh

" understood. Quite often the analytical methods have to
sacrifice rigor in order to be computationally efficient and
thus bear the possibility of yielding inaccurate results.
Some times enough is no_t known to adequately deséribe a
phenomenon by analytical means. Hence, in an ‘effSrt to gain
canfider{ce in theoretical pfedictions made or to better
understand some of the complex phencmena involved, a number
of TLP model 'testg have alrea‘dy bégn undertaken. In the
present research, model scale tests are primarily designed

to provide the following :

L (1) experimental data from statical stability and

steddy state motion response tedts to cross check computer
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