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'I'ﬁé determination of motion response characteristics,
and therefore aperating limits, at semisubnBrsibles in -

nor‘mal even keel cundxticns has been extensively repartad

' if the 14 o ., the € on' 8f this work to

vessels which have underqone soma form of "damage Jending bo

1055 of buoyancy and abnomal heel .and trim -anqles -is

limited. X ¢ N ‘ . 4

To estab{lj.sh the'motion\ response of a typical ‘samisubf
mersii;le in betﬁ aver"\ keel ‘Qnd . damage conditions, and

cl anges relative to severity and direction cf

resulti
—~

_-damage,‘ a model study using a. 17100 scale model of a

moored, four column, twin' pontoon semisubmersible has been

’ 3
conducted. For each wave direction of head, beam and

guartefing seas, tests were ‘undertaken at’ five angles pf
. . . N

trim and heel: even keel; "two towards ‘(wind'wardv damS
and two awa},' J(leeward dimage) from the waves in 7 m regular
seas with periods ot 7 to 25 sec. - In all cases six deqroas

of £reedcm motioh ) rsspcnse was obtail*d. v 5

o, S
The RAO curves fop small angles of, _trim and heel show

little.change from even 'k5e1,l operating draft." . However,




Lo 8 i ‘ g
w "
L at large angles, with pontwﬂzﬂeck structure piercing

_the .water surface, substantial 1ncre-ases in, roll and,
pnrticulnrly pif_ch motien, occurred over a band. of wave
55 i ; pariloda of 9 to 13 sec. . Over this band all motjons con-
) 3 tained not only t:he wave frequency but alsc a sig\bﬂcant i
‘ aubhamonic cumpunent: -at .half the wave frequency’ !!nder_
= these ccnditions leeward damaqe consistently produced the
) % largest motion. : The ,most extre,me motiun measurad resulted
TR in a pitch RAO of 2.9 or 19 8%, fur a wave height of 6.9 m at i
a waye period of 12 sec. in quan:ering seas.

Further work usinq realieti,c :eregulax: seas to obtain

- -additional 1n511ht into ncnl:lnenr ettects over the subharw

mnnic or ric ance fi n band has been_\

- recommended.
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9 . NOMENCIATURE ~ °
JBMO T }keight of metacenter‘.‘;b’cwe KB * 5 ' |
d Distance ¢ ‘ L™ N X\_
Gr( Metacentric 'haig}.n: : . =
G:Z Righ.i:'ing‘ arm , .
R X liagé‘_mon\ent of inertia
: ‘K- ' spring stiffness x
e "7 . KB .. - Center of buoyancy & . R
X XG, Ct% & c‘en}w,-.v ‘of g.ravi_t-y .‘ ‘n‘ ~
L]’ ko Radius of gyration® =, © .. . . C :
I [ L, Total mooring line length E
-\ M, Heali‘;ig Moment ' . e
. m v Ha;sl ' B . . L e
s ' Mooring blina catenary arc length- R
I Mooring line tension ’_' . ’ JEI
T, "y ‘ X and y components of T ) . ‘ . . "
" u Horlzo}\tai distance from .anchor to free end of !
catenary mooring m L : T
u " Length of mooring 1ine_ in‘qpntact with sea flooxr i o
L] W Displaceﬁ;e'nt‘ or weight i k g
v " Water depth - . A " B
T " Period of oscillation e a " v
7 T8 ' Angie of heel ¢ ! -
= C ¥ Angle of n‘moring with horizontal at the"!airleu,der.
L e Ang"ln of mooring 1ine at the sea floor . ¢ L "y
' . G . )
R : B
: " . 4 v
) 3 : :
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1.0 INTRQDUCTION
In its quest to meet the ever increasing demand for

i ¥ &
/l\arqy during this century, the petroleum industry has

its ly further offshore. The

. rasqlting evolutipn of mnbue offshore druung unsts\(.uenu)_
. and” their capabi].itias have heen well documented by such

authors .as Danforth (1977), m:'l‘agqart (1976) and others. of

the av}ilable cnnﬂgurations, semisubmersibles have, as .a

" result. of superiqx‘_ motion response chug‘uctatiscics, become

thg"‘work hé;_-a" ?t the industry pun:icﬁ).arlyvl.n harsh

- environment’ raqio.ns such as the North Saa. and off Eastern

Canada. ., 4

% » L. .
Seldlublurakb‘(\can be described as floating, colunn
‘4:nhulzad p].af.tom, co-pr!.sed of a deck structure uup-

portad a*_:ova water by an array of vertical culunns nttached x

to‘l'urga underwater displacement hulls in the form of indi-

vldual foetingn or, more comonly today, twin ponéoonl.

'ml.- g-r.m-t:ry provides a low waturplane arearto ﬂisplnc!hunf_ 5

tatio .x_‘ceulclnq in hi_gh natural periods relative to’ dminan:

| wave periodn thu‘l aﬂhinving mihimal dynamic response. In

" addition, given the' exponam:lal dacay of wave motion with

1ncreninq dapt:h, the ‘wave.excitation ‘torcn .xparienced by




W

the' pontuons are also reduced atyoperatipnal and surviy@l’
drafts. The development of the modern day twln.pcntoon
semxsubmers:tble has been specifically dealt wlth in some
dstaxl by Rcdn.\ght (1983) B

The operating 111|‘xité of a semisubmersible is largely a™

- furiction of its motion response - characteristics. . Its

predictien using both mathematical and” physicai m%dellinq
" has been extensively reporcad 4n the 1Lterature. A review

of the various mathematical techniquea ia provided by Hsiung

(1984) ;" and - Mathisen and ,Carls'en (1980), uhile Takagi et al.
(1985). anre pr’ovide‘d a ‘é’omprehensive ‘t‘:ompa'risovn of

calculation 'methods with physical modelling based on a’

large, twin pontoon,* e‘ight column semisubmersible. _X

However, this wcrk has been limited to/platfoms in,

normal avén keel condition ‘at transit, operating and

,,survival drafts. The motion response that can be expected

after a s&misubmera&ble has undergone some form of dumage &
producinq signiticant heel and trh\i angles and its potential
impacf} on vessel stabinty has received-relatively little

attention. N 2 ..




“Since the loss of the semisubmersibles ALEXANDER

KIELLAND in 1980 and the OCEA.N RANGER in 1982 the stability

regulations, although i ng many . remain

based on free floating, still ‘vatar conr:utinns Vand do not
consider the dynamic motio‘n response of the structure. -The
regulations relating to .danaga‘ stability and loss of
buoyan¢y would be most aifected .by vessel motion. In the
' more strict cases lthese rules generally state:
e . 3
- maximum inclination angle of 15° ufﬂ:‘er defined

damage.

= maximum inclination angle of,35° with minimum
_ freeboard to downflooding of 0.6 m and minimum
righting arm (GZ)'__ot 1.0 m after complete loss of

buoyancy of any one column.

Additional detail concerning the development of the prasent'

! regulations, comparison of the rules of various cartuyh;g

and ‘ ties, i ion of the of .

tlng regulatlonl and validity ol recent changes can be

found in szLngntt and Praught (198 , “Praught et al.
_(1955), Morland et al. (1985), Hammett (1983), Hoff (1982)

and others.




The motion characteristics of a vessel in damage
condigibn meeting these requirements may still permit
progressive downflooding through intemittently submerged

openings leading to capsizing.

The following invest_igation,\ using rigid body modeling,
’ addressesv this problem. ky pr&viding a quantitative measure
of the motion response ch acteristics of a  semisubMmersible

Y
i both even keel,- operating draft and damage conditions.
The resixltmq comparison will provide a definitive 1m:li.--~ 4
” | >
cation of the changes in response that can be expected

relative to severity and direction of damage.




2.0 RWEBATHRB.

Numata et al. (1976) provided the first insights tny the
motion response of a semisubmersible in extreme conditions.
i{odals of a typical footing and’ pontoon "type, ssmisubmersible
were tested in varying conditions at- extix:eme wind and sea~

T . state, - deck lead (metacentﬂc haight),' draft ‘au gap),
\reusel heading, and moorings. Wind heannq moments resulted
) ln stutic heel angles up to. 12.5 deg. It, was, however,
demanstrated that for an dintact vessel and wi}:hout’
‘ downflooding, capsizing was unlikely to. occur. The above
‘mndal tests also provlded the early observations or wave~

dinduced steady heel of a semisubmersible in regular wes.

: J'The extension of this work to the dynamic motion
\

s r of a seni’ ibles in waves has, with few

axcaptibnq, not -been’ considered in the phblishad literature. *

Rl

# % * The Hobii.g‘ Platform Stability (MOPS) Project of the

an Maritime Di; C te used .both -a physical. modal
and theuraticu’l' aﬁproach in tst':'u'dying- Ehis problem.
Initially, explr.hnental data was obtainaﬁ thtuugh a series "\
of regular wave, head ‘sea mudal tests based on an' idealized

. ) .




eight column , twin pontoon semlsubmersibl‘e similar to the
Akat H-3 desxgn at varicus drafts and trun anqles. The

mudel tests wer:e fouowed by and compared with numatical

calculations of the motions using a number of techniques.
w o 1

Huanq et al. (1982) prcvides the heave and pitch
response from these tests. ..The 1nt1uence of trim angle is
small, as long as the pnntcons remain fully submergad, and
the resu_lts agree satis.factorily with linear strip theory
calculations. liow‘evar, when the pontoons or deck p:ler::e the
surface nonlihear effects become significant and, as can be
expécted,v agreement‘ with linear strip theory cannot be
‘mainta;ned. mése effects are clearly 111ust}‘atad by marked
aéymmetry of the. mo_ticn ‘response curve relative- to trim
angle. With the pontoons piercing the surface the motion
becomes m’o;e severe at trim. angles in the direc\f‘ton of wave

_c.ravel' (i.e. leeward). This situation is reduced and

reversed in the case of the largest drﬁ;ﬁ and trim angle




n‘\ significant subharmonic companent-at half the wave
e

1 . This ic / effect existed over a
specific wave frequency hanci about twice the natural
frequency, .outside of which the mt;tion was sinusoidal. To
-simulate this Ancnl.ir'xear phenomenon a simplified time
simul?\t‘lo‘n method was' used and k_laél_ linited success in
reproducing the general tréends and, at some ;wave frequen-
t‘:‘ies, double frequency be_haviour'ot ‘the da!_:a. Add."lt‘iénal
. details of this work can be found in Huang'_at al.-(1983).
The simplified time-domain simulation -,me':hcd used abnﬁ
was improved ‘and ext;nded to the general six degrees of
freedom problem by Nuess’ and Hoff (1984) usinq' a strip
theory approach and ‘a time stepping procedure. It should be
noted that the method does ot consider wa‘vle forces on’ the
deck structure (Huse and Nedrelid, '1985). .added mass and
.dnméing coefficients, which are calculated as a function of
submergence, ‘go through an ghrupt: chanqaq‘ as. the pontoons
move thr'oigh the water surtacg.. Another important . factdr is
“the nonlinear restoring fdrce term in the equations of
motion discussed by Huang et al. »(1’983). The. extended
‘mef.hed showed improved correlation ‘with the ‘exberhﬁe_ntal
resulés discussed earlier and 'also provided the following

observations:

i

k]




- the nonlinéar nature of the equations of motign of
a vessel with pontoons piercing the surface was

’ clearly illustrated by digterant résponse curves

£ prnduce& for diftgrent wave ampll_itgdes.

. , . L Y ‘.

- motion response. was' shown to be relatively

insensitive 'to'pnsitiva trim angleé (i.e. inclined
. : % : ;
., _towards waves). g

a significant decrease

- ih ing drait
" in ,the as)}mmetty of Lhe motion Tesponse.

When applied to a vessel in beam seas with a heel angle the .

heave response was asymmetric as previouély discussed for
. * v
head seas. However, the roll response curves‘ for positive

and' negative hsel angles cross at a trequsncy of 5.3

rad/sec, positiva (towards waves) heel angle roll motion was’

g below this £ s .

Further moﬂel test results and numericul predictions

are provxded by Naess et al. (19B5).‘ In this instance a

. miach ‘larger model (1:40) of an ODECO eiqht column, twin

pontoon sémisubmarsible ‘was ' used. Dutinq ltragular,




e

quartering sea tésts at operating draft, dynainic roll and
‘pitch amplitude ‘was  insensitive "to increasing windward
damage gincnnsd into the waves). . In addition, -it was
demonstrated that surge and sy;y notipns were larger for
windward damage while the 're\(ers.a occurs: £or pitch and ?011

motions. The latter indigg_f:es that leeward dmagé (inclined

in the direction of wave travel) is more critical to

'prngressive floéding which may ‘lead to _cap‘sizinq.' These

cuncfnsiaﬂé were further supported by tests in ,suz’-\vival

/
conditioni.

o
i

* Naess et al.‘ (1985) algo conducted regular sea tests of
the same model "soft” moored in head- and beam seas for
comparison with time domain simlaéio@ calculations. In
this.'comparison, with more realistic model tests than those
of Hoang et al. (1982), the theory, although shwj.ng the
general trem:-ln, does not provide satisfactory nqreenént with
model tests. The asymmetric n!oti.on with respect to inclin-

ation ahglp ‘is clearly reproduced in both cases. The

ic ( ic) were not,

in the time simulation m-thnd‘resu_lg:u given by the aut:'fl;izs.

= " - . - B
In -addition to the MOPS project, detailed and parallel
model studies of a 1/40 scale model of the OCEAN RANGER, an




eight column, twin \p\ontqgn semisubmersible, were carried out

by both the National Research Council ‘of Canada and the

Ncwegi;n Hydrodynamics Laburatury-‘. on behalf of the Royal
comm).ssi‘on .onl the' OCEAN RANGER| Marine Disaster. Indeed!
some of the tests were undertaxa%n in cofl:'a\boration with the
Mo?s project and have?feviéuslyl been discussed by Naess et °

al. (1985).

Full” details are provided b‘y,Mégridg‘a (1984), Huse et -
al. (1983) and summarized by me Royai commission on the
OCEAN RANGER Marine Disaster. “(1984) The tests were
intended to assist in examxnlng pussible causes of the
. disaster and modelled Specific wind and wave conditions, and
directions existing .at the locntion during the time in
question. The ~ tests demonstrated that capsxiinq of the
m‘od;l, although possible, was, predominantly due to hydro-
static ‘etf’ects resuitinq from both progressive duwnflooding~
and,' inapptopriate hallastinq of the foreward tanks, and not
dynamic wave torces. s s

i qu' to. ,th"e specific nature of both model and ‘enviro_n-
mental Vteist conditions the extension of the- results to, the

more general problem of motion‘esponse of a semisubmersible

’ urider damage conditions is difficult.




The minor lntl.uencs of small angles of inclimation on

‘motion response is also illustrated and confirmed by

9xpst£ne}{tal results pr.senfed by DeSouza and_nilleg (1978)

_for a _three column, caisson type seiisublersi’hlerand

_ El-Tahan (1985) for. an eight column, twin pontoon type

samhubmexsiblc, In ihs latter case the moticn response in>~
damage condition was reduced. and the exiscence ot a suh-

harmonic componlnt was' noted.




J-O,W

_ chloride (PVC)® 1/8 in. sheet for the box de

12
° . ¢ m = &

e o

The l/l;er:\g«;/ale model gned and constructed- for the .
study ‘is con?;:xed similar in 'geometéy and mass properties'
to the ,four column, twin pontoon semisubmersible drilling
uni‘t GVA 4000 (Fig. 3.3) of Got.averken Arendal AB, Gothsn—' .
berg, Sweden.. A general arrangement dravir}gvaf the model is
p:esented‘v, in ‘Fig.. 3.2 while Table 3.1 giv principal
charactetistics of both the*atotype (GotaveZiLn Agenda;l,
19e4.:‘-7'a::c:}:>sson~ and Dyne, 1983} Kallstrom, 1983; Matix%s(m et )
al., 1982 and Lundgren:gnd Berg, '1952) and the model. as

- . \
measured during tests (Section 3.2 to 3.4).

All model parameters and test results have, for the

convenience of comparison,/been scaled up and are presented,

unless otherwise noted, as 'full scale ‘or prototype values.
The -Froude . scaling” factors between model and prototype are

given in Table 3.2.

%3 ug_dg.l__nﬁianm_r_ahns.e:nn

,The model was constructed entirely of rigid

Eutructu‘za and

pontno;ls; machined thick wall tubing r the columns; and

' . ‘ /




i3 3 . !

- ‘machined. round rod for the cross bracing and p}ntooh \

corners. The deck structure, columns, bracing and pontoons

. Were initi’l;y constmc:ed separately as components and then
-, assembled. (\ Underwatex; Vj'oim:s were hot:air welded with glue
joints being used throughout’ the box deck structure.
9, ms i o 7
Both pontoons were equipped with two "ballast tubes"

runninq paranel through: the lenqth of the puntoon A

l‘ threaded rod attacned to th& o':inq sealed end caps af these
.tuhes pemi\:té{\ the placement et ballast veights anywhere
along the ie‘hgth of each ballaét tube. Acc;és was t;ainad to
these tubes f;l‘-xréugh a removable and resealable‘buw— on each
pohtoon. .A watertight drain plug was located on the bottom
of each ponéoon to taciﬁta{:e the _remova‘l of water should

any leaks occur,

* . . 2 @ \
. 4 Each column was also equipped with an end cap-and_/

threaded rod- allgving the -‘v‘ me and  adj of

ballast vertically in the caiumns. An f:ir valve was
1nué;1101} in the e'nrl ‘caps of the stern columns. . By filling i
the ' model with Yow pr'essura air via theé‘e valves any l.eaks.
could be quickly located. * It is worthy of noting that no

leaks during ing. o \




‘Ballast weights could also be placed at the center of
the deck structure within the roon pool and on deck.

Fig. 3.3 shows the model‘ near the end of construct;on

wich the ballast, threaded rod, end :ap and bow removed Pcom
the stuxboard pontocn and ballast, threaded' rad and end cap

from the starboard bow column. -Fig. 3.4 shows the mpdel«‘

moored in thé test Iba.sin'just pricr to testing.

3.2 Mass Properties 2 % . § © N
- - . L T
To obtain the model 'displacement ‘at the required

operating draft ‘the model was allowed to float freely in

“still water. Ballast was then added and adjustgd such that

the nmodel assumed a. level position at the unmo'red.dnt!:.

The moz?)l and ballast wére then weighed and_the ‘resulting -

' weight djusted to- the moared draft ot 20 5m. il " o

o\ B
: S i e

The dxﬂerenee in displ pr 3 ype and g
model is attributed to sharper curves 111 the model at both
the pontoon corners and ends. This rgduced buoynncy in the v “ \
model resulted in a ' higher center of buayancy (KB) .'rd - .
obtain the currect model metacenf_ric height (GH) of 2,4 m it : [

was therefore negagsary to increase the center Dt- gravity

. : “ LoeT ,




dlutance of '20.97 m. The empty tnble was then lev lled,“

(KG) from 20.05 m to 20. 973! accnrding to the formula: GM =
(KB + BM) - KG. ) . -~

To establish this KG positioh and the required radii of
gyr_ation the model and ballast were placed opm a tilting
platform shm‘p in Figs. 3.5 and 3.6. Prior to placi'ng;ch'e

 model op.the platforn the adjustable KG, i.e. the aistance

. between table and knife edge, was set’ to : the desirgd . -

i.e. once plaud in a level position, it remains s0’| thus

showing that the ceriter of gx‘avity (CG) is samswhere on the

= vertical plane through. the two knife edges, l;y moving sman

weights on the plat!um. This levelling procedure was'

:epeatqd about both the pitch and roll nxis, thereby

pos!tioning the CG of. the “empty ‘platform- somewhere on the

vertical axis passing through the intersection of the. pitch

and roll axis at the plitfom ‘center. ¥ E°

.

‘l'hc countirvqigm:s were  then adjusted vertiéally to -

’
N raha or lower the plattcrm centar of gravity bringing 1!: in

linn with the axis o: rotation. Th- -empty plattorm was thua

haluncad, i.e: th- cc is now on the uxib of rotaticon and

once tutad to any angle ahour. r.hi.s axis the platturm wln

remain at that position.
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The model was then placed and centéred on “the platform.

_ The position of ballast .weights within  the model wad
" adjusted to both level and balance the platform and model

i ta{;ethet as previously described, thus setting the desired

model KG.

N A ]
The. model rad;i nf gyration in both pit:ch and réll was

.»measured using the pariqd of oéoil].aticn of the empt:y

platform, and of the model and- platform cogethar.' The

'meas.ui‘ed periSd was used in the tollovz:lng formula developed

tiol@ ‘-'the natural frequency of a simple undamped torsional

spring system (MacDuff and Curreri, 1958):

=K, 4,2
s (T2, = T2,) (3.1)

4r?m,

= mass mo;n—;:;lg: of inertia P N
X | = radii of gyratién about axis of interef t
Kd,? = torsiorial spring stiffness where — - E

) K= s;:.\:ing constgh} and d\ ='distance .

m = mass of the'model




Tp.y = period of oscillation of platform-.and model
Ty = period of oscillation of platform

-

The measured ‘initial- k for pitch and roll was then
-
adjusted to the desired value by moving ballast weights

“towards or away from the axis of rotation:

The spring ayscém provided {:he restoring force necess-
ary to oscillate the"platt_om. Period w'és measured 'usim; a
.nﬁ;alvand Kjaer 8306 accelerometer and Hewlett Packard 54208
Digital signal Analyzer which _pre\'ridad a}; accuracy of 0.0l

sec,

- 3.3 Metacentric Height

‘

To measure metacentric height (GM) about both the
transverse (pitch) and 1ongitutiina1» (roll) axis a simple -
incliming experiment was carried out. Fig. 3.7. shows the

experimental - ar aAn 1. heeling moﬁent was’.

applied to the model gs_inq equ&l calibrated weights attached
to eye ):oilts"lnstane‘d equal‘*dls‘t‘anca_ ‘:x.-om the axis of
rotacien.- The angle of inclination ‘was measured using a
Spectron L210 Two Axis Eléchrolygic Level éenser and a Bruel

and Kjaér 1526 Digital:Display.
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The resulting static stability curve is shown in Fig.

3.8, A1 inal and GM of 2.4 m was then,
calculated using the formula: <
GM = M /W sinp . i (3.2)

. A . s
where: S A ) 0

@ ] o
illh‘ = hefaling‘l‘nomeﬁt (wt x distance).
W = ‘model displgi:ement( o‘r weight

“p = anqle‘of -ir_nc:linatioﬁ

The éxperimental GM'obtained was confirmed by calcu-
lation using a computér program (Deb, 1986). The calculated
.values' 'cpnéim thosé of the inclining experimen’t. Tl;a
discrepancies occur ‘as a result of-approximations used in

defining- the vessel geometry proq\ram input. -
. e

3.4 Natural Periods

“ ©  THe model natlg'al periods of heave, pi:tch and roll were
“measured in bnth' the’ f:eé'tlonting (unmog'rad) and i}onrea
- condition.. Pitch and roll periods were measured using the

<

=F



Spectron Level Sen;or via the analog outpui: of the B and K
Digital Display. Freefloating heave was obtained using a B
and x-‘_u43 accelerometer while the moored period was

measured using a linear rotary potentiometer. In all

inscancss _the HP Digital Signal Analyzer was used to prucesa
" -

the transducer siqnal .

* The prototype (Lundgren- .and Bei-g, 1982) and model

‘natural 'pariods are.in close agreement, with the pitch and—

x-p‘J\l periods lower in the moored case, as would ‘be expected,

and heave périod unaffected by the muoring.‘




4.0 MOORING SYSTEM

A flexible chain of uniform weight per unit length
forms a catenary when supported by the two ends. From
AYexandrov (1971) the main features of the catenary form

¢ are:

1. the horizontal cbmpcnent of tension.is ‘constant along
the length of line o4

H o 5 |

2. minimum 1line tension is equal. to the horizontal

component of tension

3. tension at a give /point along the 11ne.is linearly
related to the y_-)Zordinate of the point. e

As the tension at th‘e-u:ppar end of the mooring line in-
éreases, line geom.etxy progresses from the s}ack mode;
]\iogring line makas. tangential ‘contac\: with th/ seabed
applying no vertical ‘foz-‘ce component.to the anchor, to the,
taut mm‘ie; the mooring ' line contacts the seabed ;t some h

t_inite angle thus applying a vertical force cemponar;t. on the'.{ s

anchor.
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) The elastigity of the line (effective Young's Modulus)
can’ be neglected at low tensions but becomes increasingly
significant asxhe‘tons_ion approaches the breaking strerigth
-ot the chain. Compnnsation‘_ for elastic stretch in the chain
15 accomplished by increasing the length uEiqg effective
Young's Modulis (Korkut and Herbert,  1970). At the point of
tr;nsu:ien from ,sigck to taut this procadure’be_com,es more

difficult due to the vertical force at the seabed cohtact

N . o - / & .

point no longer being zero. /

ional g ?ze/Ab igned to'.rasisg horizontal
rather -than vertical force with even small amounts of
uplifting severely degrading holding capacity (Adams, '19'67
and Bryant, 1983). It is }:hereturé conslde‘rgd good prac-
. tice? and indeed required b.y regulation (Norwegian Hézibup
Directorate, 1983), to-lay sufficient mooring line length to
ensure qugii_nq._r!_liha length is always less thar;' total line
length. ’
el .

To obtain the geometric configuration and stiffness

(1ine tension and Pz 1 line angle versus
/ ¢ === '

"Horizontal ‘and vertical . on) stics of this

system | a sta_i:iu analysis using ‘the tratiitlnnal catenary
equations ' (Korkut and Herbert, 1970 ‘and Rothwell, 1979)"'




neglecting chain elasticity, can be used.

mode, the following equations apply:

T, =
o -
T, =

,s el

v =
E—

For the taut mode, the following apply:

sin ¢

cos ¥,

vhere (Fig. "

T=Wy

1+ [1/(T,/Wv)] = 1/Cos

T, JaT 1

T, /W

~

T/ [Log(at/aTTT) ~/aFTT] 4L

 ARLE

= 1/2 W/T (L)v = v/T) + v/L

22

& .

= cos $/[1-(Wv/T)]

=.T.Cos ¥
=1 sity

=L

= 0.0

\

For the slack

(a.1)
(4.2)

(4.3)
v (4.4)

(4.5) "

(4.7)

(4.8)
(4.9)
(.10
(4.11)
(4.12)

‘=T, /W 1o_g (sec ¥ + tan y/sec p, +tan ¥,) (4.13)




< .
T e -line tension .
T, T, = ' component of line tension in horizon«tal‘
and vertical directions
- W = weight per unit length of the mooring line
v T water depth
- ¥ = angle of mooring line with horiéontal at the
fairleader '
¥o = angle of ynoo}inq line at the sea floor c e
s = catenaiy. a'r; length '
L = tdtal mooring line length
v = horizontal distance from anchor to free end’
' of the catenary x::ooring
u = 1length of line-in contact with sea floor

~

4.1 Emmﬂming

The prototypé spraaq’ ‘mooring system used as a basis in
earlier model tests (Lundgren and B(:a'tg, 1982, Mathisen et
al., 1982) consisted of an 8-point all éhain system deployed
in a 45° :Bymmatrical pattern as shown ith Fig. 4.2. The 76
mm chain had a total length o£7900 m p;etensionéd to 1275 kN

(130 torines) in a water depth of 195 m.
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The above, with additional information from Price and
Wu, ) (1983);- The )iavai Architect, (1981); Gotaverken
Arenda‘l, (1984); "and Ljusne Katting, (1984) -enabled the’
formulatdon of the following protn;ype mooring specification ’

as a basis for the proposed tests.

Anchor (}h;i“in 76 mm Grade K4
Linear W7i§ht’ 135 kg/m (1.3239 K/m)

. Proof Load 4730/ kN =
Breaking Load eoid KN oy I -

Totdl Chain Length 900 m i

" Pretension 11275 kN (130 tonn!s)
Water Depth © 195 m
fai;‘le}sder Depth 5.33 ol .
= 5 <

The pratotype moorin}g Iiné tension as a function. of
horizontal and vartical excursion, . s’hown in Figs. 4. 3 and .
4.4, were calculated using equations’ 4.1 to 4.13 in a °

computer program given in Aiﬁpendlx A, -

1From Ptica and Wu, (1983). Appxoximately equal to -
depth shown on GA drawing, The Naval Architect (1981). More
recent, information (Gotayerken Arendal AB, .1984) shows this
depth as apptoximu\taly 3/m.
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For. the mooring characteristits versus horizontal
excursion,during the slack mode an initial tension, T, is
set and T,, T,, ¥, 'S, U and U'’are calculated. _T is then
incrementally increased and new values calculated. When arc
“length, S, exceeds 900 m, total mooring length, the mooring

becomes taut and ¥,; ¥, T,, T,

x ye

U and U' are calcuiated -
-using the appropriate formula. 'ro‘solva the e'quatiens as a
function of vertical excur_aion ‘an intial tension is set -and.
a lober than exbacted vertical -di;placeméﬁi:-\a,ssumed. U is
then- calculatad based on these values, and ::nmpar? to: the,
known valua of ‘U at pretension trom the p:avious ¥chan

If the two .q;].ues do’ not mat::h within a reaaanabla toler-

ance, the assumed vort:ical. rﬂnn‘ is 1 hy a

small increment until U calculated equals U at pretension
'thareby providing the correct vertical displacement for the
-

given tension ‘and horizontal _pretonsion ‘distance.” T, by

et
¥, ¥,, S and U' are now calculated as before.
- 4 )

4.2 Model Mooring System ‘ ‘
°

The 4;57 m width of the wave tank did not permit £u1&
P +
length: modelling of the prototype{mooring. on the basis of

w-ighe per unit length. The moorihq" !yut;m was sinulated by
R -~
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compound ‘springs. The stiffness of the springs, p@ﬁnissible

stretch and

initial

‘attachment angle were selected to-

correctly model horizontal and vertical mooring stiffhess or

restoring force as a function of horizontal displacement

aver' a defined range.

“The spring or mooring stiffness i_s defined as:

3T/0U =
/ a'r,/a‘ﬁ =
aT, /3u =
Tan $ =

where:

aT, aT,,
i

K Cos ¢
K Cos?y

K Cos ¢

(’5‘1‘,/8“)/ (8T, /3U)

3T, =

sin ¢

change in line tension,
horizontal componént,

vertical component respe&ively
borizontal displacement
stiffness ~

mooring angle with horizontal

(4.14)
(4.15)
(4.16)
(4.17)

In modelling a specific prototype mooring as in this case,

aT,/4U and aT,/aU for a specific range is obtained.from the

. prototype characteristics .as dgtémi‘ned from the catenary

formulas (Figs. .4.3 and 4.4) and equivalent ‘m‘odal values
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3 ¥ ]

obtained using the appropriate scale factor (Table 3.2). A

sprihg stiffness, contact angle, and permissible stretch for
the excursion range selvected (—5.3\ m to + 5.3 m) is then
obtained using equations 4.15 and 4.16 thus modelling .the

: ’ prototype mooring stiffness, vertical apnd horizontal, as a
) E Nuw 4

function of horizontal excursion.

g i ' & i N
To extend .the model mooring rang«j additional excurdion
 w Mranges above (+5.3 m tc; +15.0 m) and below. (=5.3 m. to -1.4.
m) the initial range (5.3 m_to +5.3 m) were selected and
new spring sti;tfness .and p;miaslb.:le stretchvdefined usinq‘
'E:q.« 4.15 for horizontal séiffness, _and the greviously

calculated contact angle.. . )
= The required stiffness of individual springs was then P’
nd?usted to account for the three springs (é:ne for each
excursion range) being connected in' séries in a mooring . ¥

- line: .Figs. 4.5 and 4.6 aiw the tension versus. horizontal

and vertical excursion’ characteristics of 'ihe model mooring

. and compares these to the prototype mobrinq. 4 - S

The resulting - compound .spring system provides the
correct horizontal and vertical stiffness as a ‘function of '

horizontal pxcuraion over the initial range'of -5.3 m to -

" . 3 Y
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'+5.3 m. The T, and T, curves of the érotetype mooring are

approximated by a straight line. At the’excursion ranges

above and beldw the inxual range, the mooring cont:act angle

has alrealiy been determined trom the previous calculation,

Given the predominant Inﬂ.uence of tha mcorlng system in

providing horizontal restoring force relativewto vertigal

‘restoring force which is largely detarmined By hydrostatic P

istics; the model -maoting system spring. stiﬂness

cha:
these randes was based on horizom:al mooring @i’t!neas as -

a tunction of] hnrizontal excursinn (Eq.” 4. 15) The resulting

spring syste , in these _ranges, th\’xs pr‘ovided co:rect/
horizontal stiffness Hhile‘ closely’ approximating éhg lyes_s
important vértical stiffness g‘_iq‘ 4:5), 2 o

. In fact, examination of the characteristics of the
resulting compound s‘pring mooring syst‘:am as a function of _
vertical excursion shoi;'s very, close{approxi{matian,’ compared

to the prototype, of both the horizontal an‘d vertical

s}:iffnesa although the - oyerall ?aqﬁitude vot “vertipal *
tensign,

T,, is only about haif that of the p;-ototyps (Fig.

4.6). .
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5.0 EXPERIMENTAL STUDY . -

. 5-1'Vim:1m£numnm

q .
The tests were conducted in 1,95 m water depth in a .58

‘m vava tlune dascribed in deta!.l by Huggeridge and Hurray

,(1981) The flume mgasures 58.27 m ‘(length) -x 4.57 m

(width) ¥3.04 m (dapth) and. is” equipped at one end with an

ms urvohyﬂraulic piston type, wvave qenerator A 0 t:c & n/s

,towing carriage mnu,pn parallel rails 4.88 m apart on top

of the tank ulua. To accnmmndnta"testing at various water

depths the cnrriaga aperat:inq platform can be adjusted to

alguram’.»helght positions. By using this feature and the

carriage no;ial_ brake, a model can be rigidly held in a
cerifer pés!.tion anywhere along the l'engtkn: the tank.
Raving pz‘ev.{ol_xsly surveyed in the rela}i'\_re positions of

the .tow' carriage, model, mooring touchdown ‘(at the tank
———— . -

wall) .and morlng tenlmtion points for each nrie;n:ation,

the model was tigidly hold in position at the correct draft
during noex'ing set-up -nd p:etensioninq. ‘Fig. 5.1 i}luu-
trates a typical arrungamant. With the model 'riqidly held
in the correct pelit:ion the compcund sprlng \nooring assembly

was ‘tonnected 1nto the munring line juut below thaftair-

: _" 5 f
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A ¢ ’
leader. 0.6 mm nylon coated, stainless steel miniature cable
constituted the ' remaining portion of the mooring line,
runninq frcm the top end of the sprinq assembly via the

fair].eader to a rigid attachment under the main deck. From

° the lower e_nd, the' cable, ran through a pullay, located at

.the touchdown po.int on G,he tank wall, up the tank wall to a-

cantilever beam ldad cell .mounted \;‘ndex‘:n:th the tow

carriage rails.

5.2 Instr ion and. cCalibration

a block digéram of the instrumentation and data
i o v

recording systeﬁx'is -px.'ovided in Fig. 5.2’.

Instrumentation .on the model was linmited cc. four -

SEISPQT ught emitting diodes (mns) at the four corners and .

" a Spectron electrolytia two axis level sensor mountad on the

lcngitud\lal centerlina at the stern.' The level sensor is -

basically a reslstance patantiomet:er and can be usad in an -
A.C. bridge -cl:wi:_m_a_half-bridge. This featuta anahlad .
the use of a Bruel and Kjaer 1526 Digu:al strain Indicator

tor both signal cnnditioning and’ dlsplay. < The sent

. 75,
1ndicato: were calibrated together’ againsh a high preghion

machinist level_and ':ilt:inq vise with indicator adjustmanta'

and




being set to provide a direct _diqxr.al d.Lspliny ip degrees of
the tilt about both the pitch and rolf axis.
The SELSPOT (selective spot. recognition) Systen,

nanutactured by Selective Electronic Co. (SELCOH) of Sveden.

‘is an optlcal nlectranic device capahle of three dimensiann

pos}lon measurement Of up to 30 posnts doﬂnad by infrared
»Liqht\hitting Diodes (LEDs) Tha LEDs are pulsed on
aequentially avery 3.2 ns allowing a maximum sampling rat:a

of 312.5 frames per second. Mctronic cameras with

phm:bsensu:iva detectors prev1d9 a digitized output of thev

anqular displacement ‘ot each 'LEP from the origin ot Lts )

tocal plane. The x, y and z co—ordinatas of each I.ED is
calculated using vector mlcums tron the actual position of
the cameras and the line vectors to the LEDs. In_ theory,
the line vectors from both cameras shoulé lntersect. at the
LEDs but due to 1iparteccions in the. optical * lens,
non].lnaarit‘lu‘ in the digitization of the sigrulls, and
errou +in measuring tha lnif

occur. To f_hin nn or 1 line the

two lina vectors is qalculated and t:ho actual poslt:[en of

the I.ED is dezincd as the point’ midway between the two

points of E ion of ena or 1 line and line

vectors. The distance between these two points is then used

ial__positions this (does no: .




as a measure of the error of the LEDs position. To minimize
this: ez:ror the cameras should be plaged 90 degrees from one
another with respect to the object being measured.

Using at least 3 noncolinear LEDs the tranglations and

- rotations (six ‘degrees of treedom)“mntion response of a

- rigid 'body can-be calzulated as a function of displaceiment

_.versus time using the system software. .
c : » .

The primary system hardware Icompo;lents consisted of the
4 LEDs mountéd on the model, a ‘LED control unit secured
+ above the.model, to - hn external power supply at thé tank
‘wall, two cameras mounted 90° apa;-t‘ on custom n\punté

underneath the two carriage rails,_ and an “adninistration

unit‘:.B ) .

The initial x, y and z co:jc’»lxdinates,n in the tank axis
system, of the LEDS and cameras are calculated using a;lniuth
and inclination measured with'a transit. The same initial
positions are then measured with the SELSPOT Systém.

]
"

Using this data as .lnpuﬁ the system software cqlculateﬁ

two, transformation matrices (one for each. camera) enabling

7 .
measurements made by the to be to the
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" V. ., 8 . .
tank co-ordinate systen. To minimize error, the rotations
and translations which transform the camera co-ordinates to
the tank co-ordinates are calculated by a least squazes
, & method. ° The ditferenc- betveen the transit measured final
co-ordinates and the rotated and translated camera co- .
ordinates is used as a measure of error. By obtaining the
ti.rstl and second derivates of . the displacement ‘data, the
velocity and ac;:alex':atinn of the‘sixvdegrees of freedom can -
also be calculated. / ' )
o The SELSPOT System will give translation 'a’ccura_cies to
. wit;i:in 0.2 cm and rotational accuracles. to within 0.2
degrees. - ‘ s . = :
~ - . \..\ 4
& & Laurith (1384) provides.an indepth description of the °
. SEISPOT System and associated software.

»A‘ll eight model. mofring lines were terminated via a
tun?bucxle to ‘a a!:rzain—gauge'd cnnt_ilaver beam 1load cell
mm’mted ‘undernegﬁh the carriuge rails directly = abgve the .
mooring touchdown points. A Vishay Instruments 2100 Strain
Gauge  cConditioner .and ‘A;nyli_lier System connected to a’
digital multimeter was used eo_beth' establish and monitor

' mooring line pretension. All mooring line load cells were
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calibrated insitu prior to each 'series’o_f tests. Calibrated
weights in 50 gm intervals from 50 to 400 gm were hung from
a Dyring and turnbuckle which remained attached to the

cantilever after calibration. Gain adjustmen®s were made on

"the signal conditioning unit such that .5 mv output equalled

1 gm.. { ) ) " ®

This system permitted the setting of initial level keel
mooring pretensien to within % of ths desired value in al

instances and to within 3% in the vast’ majority ot tests.

The wave profiles being produced ‘.iuring the tests were

measured at two locations using standard twin wire 1linear

__resistance wave probes. One positioned -on the tank center—

line/x-axis, approximately 1.5 m upstream of the model,
served as the primary prnbe;' a rhackup was positioned alcng
the tank transversa/y-axxs approximately in from the model

cem:er.

L N

Prior to the start of tests ea{:h day .and after the vave
generator had been run for 10 minutes: to elimin; any/wa
temperature differential bot:h probes were c:katad by
raising and lowering the piobe. * 5 cm about its zero
position and measuring the voltage accross the wires at a:\'ch

T ’.

/




centimeter interval of bimersiorlx. For coptrol, calibration
of both probes was also done at the com;;ution of each day
of testing. No | Biqxjiﬁ.c;a.nt fiitlexe:‘ces between daily
calibrations oc;:u.rred. .The linearitfy correlation co-

efficient was always 0.999 or better. 2

5.3 Test and dure

The model tests were Lcarfi,ed out in reéular waves, in

three orientations (head, beam and quartering seas), and in

hot!l normal operational ar,:d‘si_lnuhted damage condition.

Wave periods ranged from 7 to 25 sec. full scale at a Ha\;e

s . - ~ n
height (double amplitude) o©f approximately 7 m. Damage

cbnditiohs, eXined as a major losl‘ of buoyancy in one
col wer s’lulaca_d by 'at;iinq _weight to a column at the
center of gravity .ha{g'ht_ thus inclining the model with equal
amounts of heel and trin towards that "column. -To produce
t;to a@lea, o;'le where pontoons remain fully immersed. and the
deck remains above the water surface, and a h:qar‘ angle

vh-r'o the porit'oonl are i)!grcinq the water surface and/or the

deck enters the water, two weights, 500 and 1000 tonne

.rcnpectivsly! were added. . For each orientatiqn, and after

completion of the normal operational, even keel tests, the

. weights were first added to the column nearest the wave

o




generator (inclined towards the waves, windward damage) and
secondly in the column furthest from the gene'r:ator (inclined
away from the waves, leeward damage) . Thus' for each
orientation, tests were conducted at five ‘anqles: even 2
keel, twd tow’ards, and two away f;gm the waves.

5.4 Data Recording and Analvsis
I ) § *
- Time histories of the wave profile measured by both.

probes were recorded on an HP 3968A Instrumentation Tape

. mis hanhel; 6 speed is capable of FM

recording’- over a bandwidtt{ of dc to 5 kHz and/or direct

rgcordinq ot/ signals up to 64 kHz.

To obtain both wave frequeﬁcy and he'iq_ht the recor
analog signal from Probe 1 was used ﬂ§,;nput to an HP 54%0A
D_Lgital' signal Analyzer which provided wave £requency
directly using the Fn\;rier transforn. To obtain wave height
“an HP-86 computer was pn‘-.vqrammed -t:_o read the  data from the -
ar_lalyzer and calculate average wave height over a spacltieﬁd

time window (Little, 1985). o

2 %,
co;—respandinq SELSPOT data over the same time interval .

N & S N . . :
was recorded on the hard disk of an HP 2100 Fourier Analyzer' -~ - ~"—

. T




and later transferred to computer compatible magnetic tape.
Due to data storage constraints the maximum SELSPOT scan

rate of:'312.5 samples/sec. was reduced by a factor of 4 to

78.1 samples/sec. At this rate 32.8 sec. of data per teést |

raquired 10 blocks of disk épace permitting - the completian'

of 11° tests before transterring data to. computer tape Was
necassary. . ) . \ o

. . ¢ N .

p e . ; . . . v
\ As discussed by Laurich (1984) filtering is normally

\ required té réduce the effect of noise. This was done by

ave several ive frames further reducing the

ve " sr;an rate té 13.0 .samplas/sec. This ihcreased the accuracy
of the signal while still pr:‘;iding a band width well in
excess of tha 3 Hz rt-;qu:h—adN The system software was thenl

used to calculatBAtheﬁrotationSf and —translations - and
-transform these motions from the fixed raference ax;s system

™ (i.a‘. tank co—urdinate system) to the body co-ordinata

4 syatem. The resulcing output provided both' a data cable and
plot of displncemen}: versus time for six degrees of
freedom. To obt~ain the double ‘;mﬁlitude??f motion the data
table is used as irput to a’ program similar t‘o that pre-

viously “faiscussed "for the HP-86 ' which calculates wave~

™ height. 5
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The same time interval of 0 to 20 seconds was used in "

v

the analysis of both.the wave and nmotion records. -Data
[ K
recording. was initiated (0 sec,) after several waves had

passed the model and steady state conditidns established.

ey
" ;s
y /
& c « |
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6.0 RESULTS AND DISCUSSION

6.1 Operat raft

The response amplitude operators (RA_O) obtained -£rom
the double amplitude of motion ‘divided by the wave height
for even keel, operating draft are given in Figureg 6.1 to
6.7 for all three wave directions: ° head, bean ar quar-
terinq seas.” 'For comparison, the experimental results for

head and heam seas provided by Lundgren and Ber% (1982) have

* .also been reproduced. N . ' {

S

The typical shape of the response curyes for a twin

pontoon semtsubmetsihle is évident throughout.. Surge and

sway showing a. sinall peak at extremely low periods with a-
grac‘lun‘l increase a‘s wave period increases. The peak is not -
part:icul_{a'rl,y evident in. quax}:ering seas. The maqpit‘.ude of
surgé, head seas, and sway, beam seas is similar. ° AlthB"ugh‘
the mkqnituiie is raduced; this similariéy is maintaine&
between these motions in quartering seas.
" .

Heave showava gradual increase from the low periods

pen)_ﬂr‘u; at A 14 sec. wave then deg:easing to a period_of 19

sec. wheraupbxi a sharp climb peaking at the heave resonance




N

‘period of 21 sec. .occurs. Head seas produced the .largest
hgave/mction, particularly in wave périeds up yto 19 set.,
with -bean seas producing the lowest.

The pitch and roll motion in head and beam~Seas shows a

graafxal iﬂcreqse~t_o a wave period of 11 'sec. then a small

steady decline to 25 sec,, the highest perlod tested. In’

quartex:ing seas the same trends can be seen but magnﬂ:ude is "
Jreatly. reduced. i ‘. o

/. : 5

»
% -

L.
i No significant yaw was measured in any of th\\even keel

tests. RAO's were typically less thén 0:05.

Compariscn of the present test results with those of
Lundqran and Berg (1952) indicates good agreement up to 19
sec. for heave, pit:ch and roll. The discrepancies which
occ(u." in heave near the rascnant period are not to be
unexpected given the sensitivity tc; damping near fesonance.

A small shift in test wave period or model n

ural period

will produce a 1arge' shift in"l_notion response. The_resonant.

peak in both head and beanm seas occurs-at a wave period of -

21 sec., the hea'va resonant period, slidhtly lower than the

7 23 sec. head sea and 22 sec. beam sea peaks reported by

Lundgren and Berg , (1982). The d heave

‘ v
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period both. moored and freefloating was 21 sec. for both.

series of tests (Table 3.1).

-7 " , At 19 sec. ditferences begin to occur in pitch and °

--roll. Lund‘gren and Barq (1982) show a rapid 1ncrease

sec. in rall, wampared to & cnntinueci gradual declxne in
P both. motiong for ‘the ‘present study. Th:.s peaking of pitch

aﬂé roll, and'in addition s;rga, with Heave in the earlier

tests tends ta .uniicate the existence of coupling ‘effects
(Mathisen et al., 1982) which are not apparent in the
presént model. - v = w
¥ To ensuré that the ‘Present tests aid ptovide the
/correct motions head saa tests for wave pEriods above 19
r “ N sac\.» werd repeated and extended vith the spme resuLts. The

A{' extended -tests fo: vave periods to 40 sec. | showed the pitch

/ notion baqinninq to increase 4t & vave pgfibd 0f528 sec.

c“‘ / - peaking sharply, -as expected, at the mooréd natural period
for pifch of 37 seo. . =
¢

#ow e g : \ f -

-\
n‘hl prsunt model utudy tasnltad in(hi.gher suxge and
. |

svay. motionu, particularly suay, than *hosa meas red by

. ¥ Lundgren and Be_rg‘, (1982). This differanca in hurizonc_a].

occurring in pltch and a much smaller 1*crease peaklng at 22

&,
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linear motion is sensitive to; gnd ‘Indicative of, differ—
ences in mooring horizontal restoring’ forces. ‘This sensit~"
ivity was illustrated by Lundgren nd Berg (1§az) when
':e‘spnance period-s for surge and swa’y decreased substantially
with inc:easi;g mooring, pratensiun; Pit:ch and roll periods.
uare attected}to a much lessat dsgree and heaVe remained un-

a!fected. The sansi.ti.vity nl sutqe and sway .to mout ng .

characteristics ‘was alsb reflected in the results of Price

a_nd Wi (1983). In the present study the compound spring— .-

mooring ‘systen used provides the correct stiffness, i.e.

restoring. force, over the necq&ry axcursian ranqe as shoun
by Fig. 4 5 and 4.6 relat:.va to th« protntypa deﬂnad by
sect. 4.1:" . H

6.2

. 5 ‘q?

also carried am: Ln simulated damaqa condition (Sect. 5.3) .

Tha 500 and 1000 tunne weights added to the columns l;) tk&. g

veztinl center of gravity can ba oqnated to volumes of
487.8 and. 975.6 m* or 'column lengths of 3.73 and 7.46 m
respectively. -rms is equivalent to 7% and 10.2% of total
flodding of one cnh.unn from kaul to main dack or 14. st und

29. :st of one column ?mn top of pantenn to lower deck.

In additjon ‘to even kaal, oparabing draft, tfestl w-re ;
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qu. 6.8 lllust‘ates with respect to the wave direction the

three oriantatiens tested while Table 6.1 provides a summary
of the measured damaqe conditions. Figs. 6.9 ahd 6.10 show
the #pdel in head seas at an angle of 11.6° and 1950
towards the corner column.: s ~

I

6.2.1, Head Seas - N
Figs. 6.11 ':n 6.17 ‘provide the RAO for both dnmage
conditions and, for colparison, even keal operating draﬂ:.

To facilitate c:harison a cubic spline smooth curve has

been ‘drawn through the even keel operatinq draft exper-

imental poim:s .

L4

- In many }ns'nces the general observations of Huang

(1962), (1983), and Huas and Hoff (1984) (Sect. 2.0) from

tests uling an idealized u:lght coll‘n model ynder dittex‘ant X

f.er anglu andg zero heel angle alsa apply to the present
toltﬂ. In- nn 8ix degrees ot freedom the smaller angle of

‘inclinatidn had little influence on motion response, relative

to even k-n. Comparison wM:h even keel heave, surge and”

pitch -how, in klt cases, a slight reduction, if Any
difference, in.motion at both +11Ksnd -12.3°. Signif-
By ' » . L "
# -

4




icant sway, yaw and roll does not occur. Neither the deck -

st 3 g nor the 1S plerce the water ‘s‘r‘!‘ace during
testing at\tgxese angles.’
: ¢

8 E " .

cha‘_ler, this’ situation changes dramatically at the
sharper angles of \inclinathin where both deck strucBure and
pontoon now pierce the surface, ' The asymmetry of .the
response 'c/utves with wave direction, i.e. windward damage
s :(inclined }}EQ the waves) ‘versus lesward damage: (inclined in
direction J; wave travél), .although present to some degree
in heave, pitch and roll, is not‘ as distinctive as that
reported earl‘ul' by Hua‘nq et al. (1982), (1983) and’ Naess
‘and Hoff "(1984). ' The larger positive angle (windward
damage) produces-a heave resonant peak at the sli’.gm:,].y l‘.owei
period ot 20 sec. compared to 21 sec. in other cases. For
both damage ddre:tsons the qeneral trends are maintained

" with 1eewar:d damage (nagativa angle) consistently praduclng

¢ _ -

Huang et al. (1982), (1983), and Naess and Hoff (isaS) k,

laxqex- motiol ~

‘“also demonstrated the existencéd, at certain wave periods
about half the natural -“period of heave, of significant
subharmonic motions: in heave and pitch. : 'l‘hh' ph-nomcnon

cccurred during tests where both” pcm:eonu and deck pia!-cud

J
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the water surface at a ne%ative aflgle of trim (i.e. leeward
damage) . During the present tests subharmonics occurred to

some degree igf\allbmc-tions at both +19.5 deg. and -19.5 deg.

angle of inclination. Y .
— Iy » :
Fig. 6.18 . prSvides-a typical time history of the o
* sec. wave test ;c/ an angle of -19.5 deg. clearly showing the

subharmonic componént. 'l‘he translations show a modulation
in amplituda with a clear component at the wave period (1.1
sec. model scalef plus a subharmonic _component. ' In many
w® circumstances thia modulation’produ_ces two distinct amp-
litudes, one Iar:;er than' the othe’r. In su’ch cases the
Largat amplitude is used t:o calculate the RAO for that test.
The rotations show the primary component with a period ot 22—-'
sec. (2.2 sec model scale) or twice the wave, period. with

only a minor coméenant, if any, at the wave éariad.

The tests wherein c motion iy are summarized
% 4 r L g
in Table 6.2. ~
The presentation of' results in {nondimensional® form.as
RAO's ‘is normally considered valid;given the assumption of a ,

‘totally linear problem where motﬂi.on response is a tunction'

K of wave period only. Such assumptions are claﬁy no longer
As

valid for a vessel under damage conditions. result the

'




r curves p. " cannot be considered a linear

function and wave period. It must
be emphasized that, as in ‘the earlier MOPS tests (Sect.
2.0), the curves are speciﬂcauy. applicable to the
particular wave  amplitude tested only and the- larger g
amplitude used to calculéte the RAO for tests in whic;} ;he‘
subharmonic e;:fect produced two yodﬁlaciné amplitudes mu‘st‘
be noted. i

Except R surge the larger angles of inciinaélnn
produce significant changes in the motion resp’on’se in not S
only the' frequency band over “which the subharmonic effect
occurs (9 t(‘) 13 sec. for an angle of inclination of -19.5

Niw ;
deg.) but also iﬁ’Ia region about the natural period of

heave, 21 sec. Th® peaking of RAO curves over both these

bands  is more -pronounced for. negative angles (leeward
damage) in all cases with a particularly strong influence in
pivtch wt}are‘ the RAO for a vm'la of 12 sec. reaches 2.5.
siqniticént uiotion in sway; roll and yaw‘do‘es not occur
except at the ilarger-angles over the frgquency bands about

the heave period and half the heave pericd. Negative angles .

' produce the greatest motion over the subharmonic band b_l'n: i

not

¢ ri}y over the band nguuf_ .the heav.

‘natural périod (i.e. half the 9ubhatmen£c frequency bind) .\’

°




. 6.2.2 :gm_ma /\

Figs. é.19 to 6‘.{5 provide the RAO for both damage
condition and, for .comparison, even ;;al operating draft.

It is significant that the previous discussion for head
sea tests (sect 6 2. 1) Fan also be ﬁ:lied directly 'to the
beam sea results. The aame trands are ma:lntalned throughout
the six degrees of motion tor the damage condition angles of
inclination and even keel - henve, sway and roll.

K

The substantial pitch motion present in head sea Ceth
at 1?;q\e\neqative angles within' the subharmonic effect
trequ'ency band (waves at 9 to 13 sec.),is also present in

- beam sea tests.’ . Tests at even kedd and. small angles

contained no significant pitch m;t{on' while within the

4
.- fraquency band (at 11 sec.) the pitch motion peaks at an RAO

of 2.4 § &

-
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6.2.3. Quartering Seas
Figs. 6.26 to 6.32 provide the RAO for both 'damage
conditions, and for comparison, even keel operating draft.
- : L
The number of wave perjods at which ~tests were conducted
:were reduced in the last two series of tests (-1 deg. and

~20.2 deg damage condition) due to time Constraints.

g « . ‘ . . » L
The 'pravicus discussions for head and beam sea tests ‘\- )
e

(sect. 6.2.1 énd‘ 6.2.2) are also directly applicablé 'r.o' '
quartering seas. «
-

. b .
Pitch-motion has, again, become extremely ‘large within

the 9 to 13 sec. wave periods which result in the existence

of significant subharmonics. Producing the*largest motion
measuradﬂ, 19.8° of double amplitude pitch for a wave height
of 6.9 m at a period of 12 sec. and. an ungia of inclination

of =20.2 deg. towards column 5-6 (leeward damage in duarter-

ing seas). -y
. Y A
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7.0 CONCLUSIONS ! . -
V/ o %
Test results available to date (Huang et al. 1982,
1983; and Naess et al. 1985), showing heave and pitch only,
i have largely been limited to an idealized model aé trim

angles, in head seas with wave periods up to about 12.5 sec.

. . . o o : .
/ The present study; using a model similar in geometry
and mass propertias to—an—existing-prototype, has provided

v complete six degrees of freedom mnH

over a full range of reguiar wave pe:icds (7 to 25 sec.) tor
both’ even keel and damnga conditions in-each of head, beam
and quaneting seas. Damage conditions, simulating partial .
;Iauding/loss of' buoyancy in one col»umn.ireprase_nt:ed a
somewhat -realistic scemario conmsidered in recent stability

x

regulations. 5 !

Extreme care was taken to'’efisure correct caubratio\n

and ; in all of the exparilﬂent

The model was dasigned nnd\ canstructed to provide !aliable_
wntcrtight im'.egrity at unysemn and connections. Mass
utablished using accurata scal@s ' machiniat

4 grepnzti rex

accelerometers and - a signal .analyzer, and are

raticctct.i in the measured GM. and natural periods. Each

e
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spring and combination of springs in eaci‘\ mooring line were,
individually and collectively calibrated £o’;\eq{rect
stittnfss‘ and permissible. str&tch. The cantilever load
cells were calibrated 1n-si;:u after each- éer?es of tests and
monitored throughout the tests. ' All relative positions of
miodel, mooring tauchdown, and’ maorinq termination points for
each orientation were surveyed ' and marked g to
installati,on._ These,. -and other ettoxts, rasultad in

accurata -and reliable results using a 1/100 scale model that

'coulq.be consldered, by so_me, to be small.

‘rhe result:mq comprehsnsive comparison of the time

historias and RAO curves has prcvided a measure of the

in motion of a twin pontoon semisubmars}bla
that can'be expected.relative to both severity and direction

of damage. Small angles (Fig. 6.9) of inclination both

*.windward ar;d leeward produce only a small change ﬁi motion

response relative to even keel operating draft. However, at

larger angles (Fig. 6.10) with pontoons and deck pie‘inq

the water sur!ice, slgniticant do occur

substantial im:taases in both roll.and, particularly pitch,

over two traquancy bands. nbcut the heave 'nacurul frequency

(p.ariod of 18 to 25 sec.) and about twice the heave natural

s - : o~




trequ:ic_yA ';é-n;as' of 9 to 13 sec. containing ‘the
subhamon{c motions) . v
=y ~ ¥ v
Pi‘tch amplitude, axtheuqh large over both .frequency
bands and in bnth windward and leeward dam ge, Tis- consist-
en!:ly and suhstantially hiqher for leeward damage: 1n waves
of 9 to 13 sec. (e.g. RAO of 2.9 for a wave period of 12

sec. in quartering seas, Fig. 6.31). The occurrence and °

extent of the 3 ic r A in

unidirectional and multidirectional irregular waves remains
open to question. However, when considering an irregu-lér
sea state this ~tre:;usm:y band would contain significant wave
energy indicating the potentially cri‘tical nature of such a
situation should it occux/ ==

e

'S \Pragresqiva downflooding through intermittently

& o

submerged openings leading to capsizing becomes a real poss-
lb\iiity’. ‘ This !gauld be of partiaglar concern | in
~samisuhmeraibsl.eu with ‘an open deck structure and ;little', if
any, reserve budyancy.' In order to meet x-ecenE changes to
stability regulations (Sect. 1.0) many new designs,
including the nodel “tested, huy‘- incorporated a watertight
boxv deck structure which provides ’ significant reserve
S o . ¢
= _ NN
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*buoyancy enabling the vessal to wn:hstand high inclinatiun
S angles before dawnﬂoodlnq is reached. ’
‘ .
Given the present 1nadeq\:ac1es of gxlstinq uthematicul
__techniques (Sect. 2.0) turtl\e, work using rig.td body
. ) modelling in x-cnuutic irreqular seas is racomnded. Such
tests would provide .additional insight into nonlinear

effects particularly over - the b ic or

§ resonance frequency band, thus :urthar facilitating consi
- eration of the problem in the dasiqn and upantien of twin

pontoon semisubmersiblés.



— .

Adams, R., 1969, "Analysis of Spread Moorings by Dimension- . .
less Functions", Proceedings of the Offshore Technology
Conference, May }8-21, Houston, Texas, Paper No. OTC
1077. / " %

Alexandrov, M., 1971, "On the Dynamics of Cables with -

© Application to Marine Use", Marine Technology, January,
pp. 84-92. .

Bryant, F.A., 1983;% "Floating Struct(s and Mooring Cable
il = Systems - Indus Practice", Continuing Engineering-
’ Education Centre,\ Memorial University, Symposium on
L ‘offshore Hechanic and Cold Ocean -Engineering, St.
John's, Nfld. .

Danforth, L.J., 1977, "énviron;nental Constraints on Drill
Rig configurations", Marine Technology, Vol. 14, No. 3,
Pp. 244-264. - L ;

Deb, M.K., "Statics and Dynamics of Tension fo% Platforms in
Intact and. Damaged Conditions", M:Eng. Thesis, In
'Preparation, Memorial University of Newtoundland. ¥

DaSouza, P.M.E.M. and Miller, N.S., 1978, "The Intact and
- Damaged. Stability Behaviour of Two Semisubmersible
Models Under Wind and Wave Leading“, Proceedings of the
offshore Technology Ci May 8=11 a

‘-’rexqs, Paper No. 3298.

El-Tahan, H.W., 198‘5, "Dynamic Response of a Hydroelastic
odal a Typical Semisubmersible to Waves and Bergy
t Imgpact", Ph.D. Thesis, Memorial University of
- ewfoundland, May, 373 .pp. s %,

e Gofaverken Arendal AB, 1984, "Gutline Specificaticn for a
emisubmersible Dtining Unit; GVA 4000"; Jan. 2,
oteborg, Sweden. -

Hammett, . D.S., 1983, "Future‘ Semisubmersible Drilling

TR . 8", Proceedings of the RINA International Symposium
misubmeérsiblea: The New. Generation, Maxrch 17-18,

London. . d

Hotf, J., usz, "Survey: of Stahility Rules for Mobile
Platforms", Norwegian Hydr: dynamicu Laboratories,
Trondh€im, Norway, Report No. 182047. .

>—




T

=

Hsiung, C.C., 1984, "Computing Responses (Motions and Wave

» Loads) for Floating Marine Stryctures in Waves - A
State-of-the-Art Review", Symposium_on Computer.Methods
in offshore_ Engineering, May 23-25, Halifax, N.8., pp.
99-139.

Huang, X., Hoff, J.R. and Naess, A., 1982, "On the Behaviour
of

emisubmars&hle Platforms at Large Angles", Proceed-
ings of ‘the Of ogy £ s May 3-6,
Houston, Texa‘ Paper No. 4246. L o

Huang, x., Naess, A. and Hoff,” J.R., 1983, "MOPS Subproject

- Thenraticul Calculation of. Platfom Responses

(HOPS Report No., 8)", Norwegian Hydgodynamics Labor-
atories, Trondheim, Norway, Report No:“183171.

Huse, 'E., Brevig, P., Furunes, I., Nedrelid, T., Thronsen,
H.J:, 1983, "ocsm RANGER Hodel'rasts" Sept., Norwegian

cs ies, Norway, Report

“0. 183275. .

Huse, E. and Nedrelid, T., 1985, "Hydrodynamic Stability of
emi ibles Under Conditions",
Proceedings of the Offshore m:nf.erence, May 6-9,
Houston, Texas, Paper No. 4987.

Jacobsson, P. and Dyné, G., 1983, “Reynolds Number Effects
irr Model Tests with a Four-Column Semisubmersible",
Second International Symposium on Ocean Engineering and
Ship Handling, Sept. 17-18, Gothenburg, Sweden, pp.
343-362. - g

Kallstrom, C.G:, 1983, "Mooring and Dynamic Positioning of a

» Semisubmersible - A. Comparative Simulation Study",
Secorid International Symposium on- Ocean Engineering and
Ship Handling, Sept.' 17-18, Gothenburg, Sweden, pp.

. 417-442. €

Korkut, M.D. and Hebert, .E.J., 1970, "Some Notés on static
Anchor Chain Curve", P: ngs of the
Technology Conference, April 22-24, Houston, Texas,
Paper No. 1160. ' . .

Laurich, P.H., 1984, "The Selspot Sy m", National
c\ouncu of Canada, Ottawa,, 'achnical Report No. 23187.




g . .
Little, L., 1985, "Hardware and Software Modifications to
Equipment at MUN Wave Tank", Memorial University of
Newfoundland, Ocean Engineering Research Group, St.
John's, Newfoundland.
e
Ljusne Katting' AB, 1984, )Gusna (Swedish) Anchor Chain",
Ljusne, sueden P 5 "
Lundgr:en, J. and Barq, A., 1982, "Wave Induceéd Motions on a
Four-Column Semisubmersible Obtained from Model Tests",
Prnqsndings of the Offshore Technology Conference, - Ma:
3-6, Houston, Texaa, Paper No. 4230.

Huch!t, J.N. and Curreri, J.R., 195.9, "vibratiun Ccmtrcl"
MeGraw=-Hill Bn Cu., Toroptio

Mathisan, g 5 Borrese ,>R. and Lind}ferq, K., 1982, "Improved
Strip Theory for Wave-Induced Loads .on- Twin Hull °
Semisubmersibles", First ~oOffshore Mechanics/Arctic
Enqinaering/oeapsaa Systems Symposium, Ma$. 7-10, New
Orleans, Louisiana, Vol. 1, pp. 1-9. g

Mathisen, J., and cCarlsen, C.A., 1980, "A compatison of
Calculationa Methods for Wave Loads on Twin 'Pontoon
Semi. ibles", I ona um on Ocean
Engineering and ship andlinq, Sept. 17-18, Gothenbu!g,
Sweden, .pp. 7. 1- 7.23,

McTaggart, ReG., 1976, "Offshore Hobile.Drulinq Units", The
'l‘uchnoldgy of Offshore Drilling, Completion a Prnduc-
tion, Petroleum Publishing Co., Tulsa, pp. 3—32. ,

Mogridge, G.R., 1954, "A Hydrodynamic Model Study of the
Mobile Offshore Drilling Unit "Ocean Ranger", Vol. 1",
National Research Council of Canada, Ottawa, canada,
Report No. c’m-ﬂv-ool, 318 pp. . R

Horlund, M., Uliborg, J., Lotveit, S.A. and Sigurdsen, H.,

1985, "Ploating. Stability und Seaworthiness - Trends
and Development", Proceedings of the . Intarnutiona}/ e
Conferenché ,on Behaviour of Offshore stmctural ]
o Mnt-rdnn, pp. 187-194.
Huqq-rldq-, D B. and Murray, J.J., 1981, "Calibration of a
8§ 'm Wave Flume", Q@anadian Journal of civil Engineer-
* ing, Vol. 8, pp. 4 =455,
' g




56 b

Naess, A. sand Hoff, J.R., 1984, "Time Simulation  of the
Dynamic Response of Heavily kisted Semisubmersible
Platforms in Waves", Norwegian Maritime Respare!; Vp)..
12, No. 1, pp. 2-14. ,

Naess, A.; Hoff, J.R. and Herfjord, K., 1985, "Hodell -o!
" the

Simulation Methods and Model Tests", Proceediggsfof t!
International Conference on n.huvionr Ottnhon
structu:e-, Amsterdam, pp. 195-203. 2

Dynamic Behaviour of Damaged Plutfor% Time ~*
o1

Naval. Architect, 1981, "GVA 4000 - and tha New 2000", sopt.,
pp. E211-E213 o

Norwegian Harit,ima Diractonte, 1983 "Hobil( Drﬂ.l&ng
. Platforms, Regulations Laid Down' by Nnrwaglan oltp:lal
Control Institutions®, Oslo, Noruay.- 3 o .
Numatu, E., Mi&:el W.H., McClure, A.C., 1975, "Asueusmont
of Stability Requizaments for Semisubmersible Units",
SNAME Transactions, Vol.-84, pp. 56-74. %

“Price, W. G. and Wu, Y., 1983, "Hydrodynamic c:mt;iciann and

of Ser es in Waves", Second Inter-
national synposi\m on  Ocean tnginearinq and ship
Handling, Sept. 17-18, Guthenhurq, Sw.dtn, PP- 393-414.

P! M.W., ‘J.B. and. sprlngott,
C.N., 1985, "Induutry Actiun on Stability of Mobile
Ooffshore Dxilunq Units: A Status Report", Proceedihgs
of ‘the Offshore Technology Conference, May 6-9,
Houston, Paper No. 4986. -

Rodnight, T.V., 1983, "Development o! the Modern s-lhubn:-
sible Drilling Unlt" P:oceedingl of the RINA Inter-

national bles: The New Weener-

4 ations, lech 17-18, London. " :

Rothwell, A., 1979, "A Grnphil:al Procedure for the st}‘t!-'
. ness of a Catenary Mooring", Journal of Applied Ocean'
Research, Vol. 1, Nov. 4,.PpP. 217-219.

Royal Commission on th{oocm RANGER Harlnc Disaster, 1984,
"Report One: The 88 .of the Semisubmersible Drill Rig
OCEAN RANGER and its  Crew", Aug., St. John's,
Naqgoundland. 400 pp.

o




. 57
i P , . . ,

w ‘sprinqatt, C.N. and Praught, M.W., 1986, "Semisubmersible
2 Design Considerations: - Some New Developments", Marine .
. . Technology, Vol. 23, Nq. 1, pp. 12-22. - 5

Takagi, M., Arai, S., Takezawa, S., Tanaka, K., ahd 4 =
Takarada, N., 1985, "A «omparison of Methods' for

Calculating the Motion of a Semisubmersible", Journal

of oaun‘\znginaaring, Vol. 12,‘No. 1, pp. 45-97.

N Ry ‘: ' » # -

"t VY 5 .

’ - o N 5 _ :
— ' v
e I s - ‘
e e y \ !

: Y. : -
. . o

. N - %

2 . p . E ‘ .

5 e T 4

. y
. R Y 2 *
S R o4 -
; R ‘
¥ L]




AL




lcalenlated from geométry.

Jgives a displacementof 25,835 tonfles (25,205 m
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; TABLE 3.1 PRINCIPAL CHARACTERISTICS OF PROTOTYPE AND MODEL
f : :
Pontoon u Tw 3
- ngth - 80.56 m
width 16.00 m
Height 7.50 m
3 Bilge radius 1.35 m
Column
. Diameter 12.90 m
Transverse/Longitudinal spacing, ¢-C 54.72 m
Brace * -
v Diameter = ~ ,, 72.06m
Height C above keel N 11.20 m
Deck-.. - . . 1
Lower, Deck Length 54.72 m
5 Beam 54.72 m
- Tween Deck , Length .62.32 m
: Beam 54.72 m
Main Deck Length 67.00 m *
0 - Beanm 57.50 m
Height . 3 .
Keel to Lower Deck ' 33.00 m
Keel to uain Deck '41.00 m
Dnughc (opcntﬁoml) 0.50 m 20.50 m
Displacement (opcrational) u 860 m3 1 24,368 m3
-CG from Keel 20.05 m 20.97 me

M 2.4 m 24 m
Natural Po:iod-

-~ . = Freefloating - Moored Freefloating Moored
Heave 21 sec. 21 sec. 21 sec. 21 sec.
Pitch Al 36 41 37
Roll -.50 - » 43 52 . 46

_Surge r +73
Sway 89
* '
Radius of Gyrutinn 8
pitch ( 5 - ” 27.8.m ,
- rol. 4 29.6m | 29.2% .
“ -~ bd 3

zz-andnl (1984)
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\
Al . . . 3
. N
‘Length < Ap= 100.0 100.0 .
Velocity A, = Sy - 1.0
Acceleration A, = 1.0 \ .- l.o
¢ Tine A= JY / . 10.0
- Density A, = 1.025 1.025
Force © g = 10253 1,025,004
- ’ — o 7
g y
\ X '
/ { ‘ . P/
= ~
<
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anlia
P 4z %
- ;
% v
| - % gt
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orientation wt./column Heel/Trin _JAngle Inclination

~ (tonnes) © (deg.)? towards/Column
¥ (deg.)®
Heaa - +0.4/+0.5 _  =0.6/3-4 "
s00/7-8 ~8.2/-8.2 +11.6(7-8 S
1000/7-8  * =13.5/-13.8 +19,5/7-8 3
500/5-6  y =8.3/+9.0 -12.3/5-6
1000/5-6 =13.0/+14.3 -19.5/5-6 i
it ; i ;
Beam (“a .- " 1(1/4-0.5 +0.4/3-4
= 500/1-2 48.9/-8.6 = +12.4/1-2
'1000/1-2 +14.5/-13.9 +20.5/1.2
500/7-8 ~8.6/-8.3 -12.0/7-8 .-
i 1000/7-8 -14.2/-13.6 -19.9/7-8
3
Quartering - +o.z/.'fo.:| . to.\l/!-l
500/1-2 +9.0/-8.2 +12.2/1-2
1000/1-2  +14.6/-13.6 +20.2/1-2
_ 500/5-6 -13.1/5-6 ,
1000/5-6 -20.2/5-6 . -

d
1pomitive ungl.c corn-pondl o incunutien towards thn
waves (windward angl

inclination -ny tiom the waves (luvnrd damage).




orientation Wave Period Angle of Inclination
& . (sec.) Towards/Column
. 3 V4 (deg.)

Head . 10 - \t19!5/7-8 g
9 -19.5/5-6

130 .

Beam T . +20.5/1+2
~d - - 11 ~

o 9 -19.9/7-8
= 10 >

. 11 _—

Quartering 10 +20.2/2-2
T % & =
Z = a3 220.2/5-6 » O\
12 o X 5
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Fig. 3.1 Four Column, Twin Pontoon Semisubmersible
Drilling Unit; GVA 4000
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MUN 85-711

Fig. 3.4 1/100 Scale Model, Head Sea, Even Keel
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Fig. 6.9 Head Sea, Damage Condition +11.6 deg.

Fig. 6.10 Head Sea, Damage Condition +19.5 deg.
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- 12 D #

© /. “Catenpry Mooring Annlysin Horizontal Excursion

REALe8 TX(225) T(226), TY(226) ,ST(225), 510(226),5(226) ,
UPRIN(225) ,U(225), S11(226) , 101 (226) ,HD(226) W, V, L, PI,
S12(226)°
DATA W,V,L,P1/1.1618,189.67,900.00,3. 14159027/ 4 x
OPEN(UNIT=16,FILE="CAT1.DAT*, TYPE="NEV") " ' o
OPEN(UNIT=26,FILE="P1.DAT ", TYPE="NEW') .
TT=600.00 "
DO 76 Ix1,226,1 ' :

- . T(h=TT x £

. TX(D =T(D)-WeV R e . . R
- . ALP=1.0¢1.0/§TX(I)/ (WoV)) X b
: . TY(I)=TX(I) #SQRT((ALP##2)~1.0)
. PPai:0/ALP
2 SI(1)=ACOS(PP) E
S10(1)=0.0 B . 5
. S=Tr (/v .

Lo 1F(S(1)..LT. 900.00) THEN -
B . UC1)=(TX(I) /W) #(LOG(ALP+SQRT ((ALP##2)-1.0)) -SQRT 3
° ((ALP#2)-1.0))+L
UMD LS

ELSE
PP=0.5¢(WsV/T(1)) S (L/V-V/L)+V/L i
SHI)=ASIN(PP) .

TX(1)=T(I) COS(SI (D)) .
TY(D)=T(1) +SIN(SI(1)) A
PPP=COS(SI(I))/(1.0-¥eV/T(D))
SI0(I)=ACOS(PPP) . *

.- S e
UPRIN(1)=0.0 [ P
U(D)=(TXCD) /M LdGL (1. o/cus(smmmmm))/ ¥

. - (1.0/COS(STO(T)) *TAK(SIO(I))))
B IF v
TIsTT+26.0 Luy
76 CONTINE . .
DO 88 Ke1,225,1 2 ¥
3 S11(K)=(180.00851 (K)) /PL . ® 5 %%
$101(K)=(180.06+510(K)) /PX
88 SI2(K)=611(K)#100.0 .
. .Do9ELay,2%,1. . o)
95, HD(L)=U(L)-U(32)
WAITE(25,30) (HD(W) , (W) , m(u) ¥=4,221,1) = &
B %0 FIRUT(SFIAA/) -
B . WRITE(16,24) . 2 “ .
24 FORMAT(1X, 'NOORING LINE CATENARY ANALYS! . . ,
LIE mxnl(r)/mmzoml. mmcnm«n AN . L

-




—_

22

/ 113

5% s
WRITE(16,22) (TL), TX() . TY(J),S11(J), 5101 (J),§(J) ,UPRIN(J),

U3, HD() , J=1,226,1)
FORMAT (9F14.4/)

CLOSE UNIT=16
stop
BN
4
b v
- ~
<
g . . .
.
' ’
7 '
N
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% Catenary Mooring Analysis - Vertical Excursion ) 4

REAL#8 T(226) :ﬂ(?ﬂﬁ).ﬂ(?ﬂﬁ) .V(226),51(226) ,511(226) ,510(226)
1 5101 (226),5(226),UP(225) ,U(226);, VD(226) ,S12(226) ,¥,UC,L,A,PI,
T.VP
DATA W,UC,L,PI/1.1518,860.6383,900.00,3.1416927/
“NEW* )

VP=100.00
. D0 76 1=1,226,1
. .. =TT .
. = 1FCT.GT. TILAND. I11.GT . 1)60T0 20
15 A31.041.0/((T(1)/ (WsVP))-1.0) *

— U(=((T(X)-(WeVP)) /W) (LOG(A+SQRT (A+#2-1.0) )~ (SQRT (A%92-1.0))) +L.
IF(ABS(U(I)-UC) .LE.0. nol)GBTO 57
VP=VP+0.001
ki a0T0 15 4 X
. : 7 V(D)=vP v s

3 TKD=T(D -V (1) .
+ TI(I)=TX(1) $SQRT (Ae92-1.0)
SI(1)=ACOS(1.0/A) L
's10(1)=0.0 "
S(=r(H/N :
o IF(S(1) .LT.900.00) THEN
5 1)=L-S(1) g

ELSE
- VP=V(1-1)
20 PPPP=(NSVP)/(2.00T(1))e (L/VP-VP/L) \VP/L i
SIC1)=ASIN(PPPP) . . .
TXD)=T(1)+COS(ST (1)) Ha
TH(I)=T(I)SIN(SI(1))
QRRQ=COS(SI(I))/(1.0-WeVP/T(I))
SIO(D)=ACOS(QQAD) -
s(DaL-
UP(D)=0.0
UCD)=(TX(D)/W)$LOG((1.0/COS(ST (1)) +TAN(STLT)))/ -
{1.0/C0S(SI0(1)) +TAN(STO(1)))) . " s
v(D=vp ~
.- IP(ABS(U(I)-UC) .LE,0. nm)un'm 67 LS .
VPaV(1)+0.001 .
G0TO 20
o7 1II=1
BOD IP
TI=TT+25.0
75 CONTINGE
9 KeI-1 4
DO 88 K=1,KK, 1 . B
SI1(K)=(160.00¢S1(K)) /P1 S 2w 3
S101(K)=(180.006S10(K) ) /PT = ¢
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88 SI2(K)=S11(K)*100.0
DO 95 L=1,225.1

9 VD(L)=V(L)-189.67
WRITE(26,30) (VD (W) ;T(M),ST2(H) . ¥=16,48,1)

30 FORMAT (3F14.4/) 1
WRITE(16,24)

24 FORMAT(1X, 'MOORING CATENARY ANALYSIS,LINE msmlm/ .

VERTICAL DISPLACEMENT(V)*.//)

WRITE(16,23) .

13X, TX°, Xﬂ "TY*, 12X, "SI, 11X, "S10",
" ASX, UL 13X, VL))
.22)(1(-1) ™, ﬂ(l) SI1(D),5101(D), S(J) UP(D),U(D),

v g N VIR .
.2
CLOSE UNIT=16 ~
sTOP 2 .
“END DA ) .
. o
o/
. 4
¢
~_ e
8 . i
.
/
.
\ 4
o -
' '
A -
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