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ABSTRACT

This thesis i s-oaweabawtncae pnovelf ffslhmaten siu b thteat i on s
Dutch North Sea. This new technol ogybils-fd otadpsi d
over barge whiglchklRrotlopshelealloe atftliagahteerr el evat i c
installation.

First-] exehi gloncept deosviegrn toefc htnhoel. dhgeyw eilds tperoeaste nt e
st abfiolri ttyhe jacking stage I Anahyestabamedeblsaaha
model the jacking systemvaeaur iamg $alc&kdthgstodgae $ eoft
model s are used to verify the assumed design | oa
reqguired torienstudlsit atthenaf fAsh®@f now, the design
di fferent type of float over making the design |

The -bVent bBb5rlgeprtbved to be very stable without b
topsi de. I niti al ball ast errors did not affect t
increase in heeling eafnfgelcet ffoorr twhien dwolrosatd icnags ema sT h
eeling angle increased with 100%. Due to the | &
fter jacking is stildl of no concern. For the in
altliamgg t he barge before jacking as initial errol

was found that the driving systeglomwhlofrdrzotnhealj a
ection using |l ess than 5% of the topside weig
king system resulted in | ower horizont al | oao
ference in lboeal therijacktsalf rlommads ern to bow ¢
position of theemnmapeide wat herasgeaiconl ¢ ombihea
tacmhle abveeh awifourhme barge and topsi de.

ing analysis had multiple findings. 't wa
cant Ityh el gwvaecrk i bnyg ussyisn gef noNre 0Sneipaa rwehdy veesse. er he D
ect of the horizont al |l oad (compression f
cadsThea hoei LdMUtbal | oad o patndtehea rigret emefr aec d
tckm nggomspar BEF.

oOQo - T T

t
i
f
|

¥

reasi ngoft hteh es tjiafrcfks endgh siyrsidmeerhoeads on the | ack:
as fdauwend o the | owert henitdteimi apra rsitoidinf at ey asksng
dangorsi on hmomentc ewmit bet aaeenhé ar gTeheiashdmaei onpts i d |
nddpendenstofnfnleses .of the interface
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NOMENCLATURE

ASTS After steel to steel

BSTS Before steel to steel
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DSU Deck support Unit

DSF Deck support frame

HMC Heerema Marine Contractors

HTV Heavy Transport Vessel
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1.

0

I NTRODUCTI ON

The offshore wind i ntdoawshrngg hies rcapiacliy ydew erldo o ium d
generating maor ereleecti ¢irtan,spor t ,h stuhbes tealte cotnrsi cairtey
The trend towards | arger substati cmaspadcsi teyx enfpfl g i
pl atforms. These platforms are designed to conve
DC. To supposrttaltlihaitsi otnr ecnodn,t rianct or s are empl oyi ng
of the jackets and topsides of these heavy subst
their | ®avegestbafBlpelat tfloe Hhese installations

Design objective

Heerema initiated a stawdegr ttoevahndesl aqy afldrertntad iivre
of fshor e iswuhldhteatNiobhieh cuerar e he maes thethiviydorsamsafat i on
i nvol ves -cauts,t efronl [loovaedd by | altkd edy d cheei  eapvséi tdeea twi

bargd8hetbaftepside is | owered onto a deck suppol
frame is skidded to the bow.
The proposed alternative is as fol-lpwses 8gl sisamd

| a-bhdsed jacking equi pment, a j-&xki-étnlge estybsa regre .w oBuy
using proven technology,|l & haen d yrsdleima lctlaen. bTeh a ed can

a j-uagx kvessel upside down but then with more | egs
frames -851 tthoe alvoi d | ar g&5modTHe cjaddlonsane tthes H
The egry smi | | be removable from the barge when it |
more flexibility, |l ess  dédpsndaveéynwgomodaetyemamal cc @

adding asset.

The barge integrated topside jacking system wil/
concept, the topside can be skidded directly to
availabl e, ssavéroubcavni daewft dakbw e€begsati on. At
systems raises the topsi doeetroitsheeddirmed.hdiughtl
jacking sy&% ®mwiilnl thhreeddt e a possibility -to inves

85 hecausedoes not need the deck space on the ste
jacking purposes.

Moti vation
Jicking of the 32.000mT topside on the barge by

the DSF are expensive operations. Additionally,
This bringssaadidiitsi dnane coxntsumi ng. After the top:
equi pment must be demobilised. The topside and L
connection between t steo DISdE, maodpcseaf astdemiangr. ha

jacki nigom,peglkitddi ng and construction of the DSF
be made. Because the framework consists of a minr
DSF has to be changed for evempenitnomnallhat D&k, B
jacking operations are sunken cost s.

Problem statement

An i ntegrated Qjarckd nhgass ymsatene xiinstaed before and n
found which could be directly applicable to this
built wusing prhoeweerf otreec trhoel sgyyst em i tself does no
the combination of all the proven technology i s

and has to be investigated in thi sprtehseesnits .a sT hteh er
from a di-dvemretngclifilmbadjgacki ng system with many |

relatively fl exibl e cowmrarwsd ng tthies DtSeéc hamadl cag yf |
i mpl emented or investigated yet. This means that
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operation. Furthermore, the | ower sti

guestions and sub questions

started with a desig@orweobjmectthiode 1o i d
makes this method diffeBaexndad amrd i f
theugbtbksowing main research question has be

jacki ngpveystogmriartfilomence the fl oat

t hceu esati ino r,e stelgan efho li loowi m@aveulbeen defin
topic:

ns during the jacking stage to the
sign |l oads of the jacking system be
he horizontal stiffness of the |jack

di ff erveenmc evi i ent vae eDiI5 Ft laen df lwo ath t he

guestions have been derived by the
cYtedyi towalrldat fématand its componen
the offshore and onshore industry a
results from this |iteratlevelstudy,
concepts form the basis of the jack
concepts inclede of he her ijaickg, andthel oc
of the jacks are determined and mos
sai dgdni tqiwa@ rsdelidons whi ch foll owed into the re
of the barge is investigated by ha
l'ity was an issue due to the jacki
ng intbewhatkengbapékrnatiaog dsriagtu

s a topic that is addreebkedpeAhodn
s to the.peak period of the wave s

rstanding on how the horizontal st

has been created for a frequency

n and videmalizaPyohoof ThesienmodevV
ed

rmi ned or cal cul at parall el to t
e jacking stage is created in the
e baroggert opgdii de sheofud rde gti tvee falnoatnsi
hgpeses ®©hethe jacking system and t
e impact | oads-owvrert hdihlevMiésad¢leiamg et
ds on the LMU and j-ax&i.ng system d

t he vieirr th edtoage sdfeetlhd of Isdaetel ) ha:
0O accurately generate the | oads on
should betbeeLMUear ewWwiet hen the d

horizont al | oading on the jacking sy



2.

0O FLOAOVER | NSTALLATI ON

This thesis will focus 8blabtepsbdegéenet aHbtat € mas
The bVemntinstallation met hodSéiajs,Hb@@&emrotuhdsfor
wi || be done differently. The substation wil!/ ar
Ve s sfeilms,st be | oaded 1o itV ecantdbmadr tgffeieen dill-al gk e @ d

pl aced on a DSF. He er e ma -bhaasse dt hjea cikdi enag tdoy setleimmianna

replacing them with a jacki BdpIlsyysatrgm.which i s in

The jacking syste8bl nwielglr abtee dogiendt of mshhed thHe b 6 | @ @it t
key to have a c¢dwearr ovpgerwatoifon hendvidotast hcaovwep omeeenrt s
performed for more than-o30kryse gpresr aredrt hes nwmneclreera
for heavier (tDeisji.,.de2dh7Z)reases

I n this sect roovnert hset etpysp iacnadl cfolnopaotnent s t hat ar e
di scussed and expl ained. Next to that, the relev
Further mor eqv e@rr otveenh fd loamg i tehse acroen cdeepsteur ai lib refdit aadntld a t
techniques that are described in the literature

Fl eoavter st ages

A flooetr installation can be divided into@oemul tiopl
stages applicabloovefromwitheoutophieda sfel mdt t-he i nt e
851.

A Transport to the Netherl ands

As the topside is likely to be manufacttuged in A
t he Netherl ands. It wi I be transported on a hes
A FIl oating to floating or | oadout

The Heavy Transport Vessel (HTV) will not- i nstal
85,iherefore the topside must be -8ELdde&fA5S5fLhemHt he
wi | | be skidded85thohitchhe ibsow hoef ntarer o0Mved secti on o
topside is readdyb5 1,0 istaimusotutbeoneltehveatHed and pl ac
The jacking operations star88$lwhén nleedsopoi e ij
fifteen metheer sr etgoa tcareedaattei on hei ght . T-basepdacking
jacking system-®dml.t hkef tsdrertnhe ft dfhsei dde has been r
(DSF) which is a very stiff <s8tbhelelwisdtlrtuocettubried g dleodc
of t8&%l Hunder the raised topside. NEknhdalhtei g t ops
DShmust be skidded b#8&6KH ®wodtlseastasnemfedt he H

A Transportover tlhhecdtioan

The bvemtl ocation is close to83hewiplolrtperff Rromhttelr

operations inshore and wait in the portoverntil tF
install ation.

A Preparations and jacking

Once the barge is on | ocdtaiian,anicthowisl lankde tcdicen rsec
connecting the topside to the barge wil/l be cut.
I'f the jacki,ang asgdittimonas!| usteep witlhlerled caedesd t o
the offshore time. Then, after the sea fasting h
height using the integrated jacking system.



A Docking tiomwetrheslfoltoat
The docking phase starts by slowly moving the baea
wi nches on the barge.

A Matifngaver installation)

The mating stage is the phase where the topside
topside wild. be done by increasingitvhegdryfst eanf
jacking system wil|l not rbea ntistesyt fparo cleadwerei mg orfa:
same as if an DSF is used. The mating phase is g
phases ar & ghteefedr ea nstiteedele ¢ r T heash efedr € BSITSg !l | oad
has no definite boundaries of percentage in | oad
However 0 tild]l 49% of | oad transfer is tuseed in t
the topsidebs |l egs and the LMU in the jacket 1| eg
gradually transNerxitsed hentad tteleée speedet wi th a | oac
till 100%. Mating is theowmestomei iitcamnp aratmagfe
topside supports or the jacket 1|1 egs.

A Undocking
After the topside is installed, the barge moves

FIl eoavter components

There are many components that influence-the cos
over installation. These components are describe
froame boundaries of the model

.leg mating unit (LMU)

The LMU (Leg Mating Uni-oyeplaperaticonsiabrirogeth
phase using conventional melthheo dsMU iikse |HlclaE Gk aantd
the jalkckeits|l ®gecifical kyattbsmigntelode etmaosp s ihdee rglaepg h e

bet ween t ojpacérkleed uacneds .t hGont rol |l i-ngethegeepesitaad ©
circle of each stabbing cone is vital to prevent
i mpact | oads and providing fl exi #osltieteyy dcwritmg tl o
bet ween topside and jacket | egs upon completion.
stroke calcul ations, and eltaisanmo,mema kci ncg mipto nee nttesc
demanding component in installation projects. Ty
LMU manufacturer rather than installation contr a

(S

N/ e

t

3150
TRAVEL REMAINING

VERTICAL:
ELASTOMERIC PAD

~—\

Fi gaitleMU sketch




The key roles of the LMU are:

A Reduce vertical and | ateral i mpact | oads bet
and jacket |l egs at the initial stages of the
A Provide horizontal and vertical flexibility
l egs and the topside during the | oad transfe
A Ensur e ttdteeslt e@dnt act between the topside co
jacket |l eg at the completion of mating oper a

.Reck Support Unit (DSU)

The deck support unit is the connection between
DSU is characterized by havibnegc aau sree matr knaubslty shui pgph
topsi de weight. It is designed to have no or it
of the DSU is not fixed and varies between manuf

positi omadutrrianngs fler .

Many papers have been written aboYwtuntgheyiummpa cCth oli
201f4dgund t hat f otrhet hienopaatdciti § emut MUhi gher than for

oscillatory period after the impact is much shor
The maxi mum horizont al i mpact | oad on the LMU oc
(Min He, Th@lMmaxi mum vertical |l oad on the LMU wil
For the DSU its the other way around, having the

.Beck Support Frame (DSF)

The DSF is a | arge sdguwredotriteiantgp pwii tdle . many i sr d hies ¢
the barge and the topside. TheoDSF is omea¢dgedelgiuk
HI DECK-ofvlesatwhi ch is the most typical type of f1l ¢
.Bender system

The jacket slot is slightly wider than the width
the created gap is to use fenders along the barg
of the barge in surge and sway.

X F \

Fig@a2ketch of a fender



Surge and sway fenders serve the purpose of abso
barge's position. Swapafgederentarg taperetdet paak
figur.e 2epending on the gap between the barge an
gaps) or soft fenders (for wider gaps) can be en
cosnn deration of deformation and energy absorptio
generally described by the manufacturer.

urp
a

.Bocking |l ines
The -bVemt barge
u

does not have pr o(peuwalvsyi anr aonfs piotrst o
vesaad)t husmnweedit bopbeition by a tug olraibdy docki
anchors. The barge is equipped wiatcklewi ncAedTVY hdad
not al ways need docking lines as it can use its
(HEAVYLI FT NEWS, 2024)

.Ball ast systems

The88%1 is equipped with 35 ballast tanks which ¢
depending on the situation These tanks can be s
its job or by mechani cal Ibyalpluarspti nsgy swaetne ri si nutsoe dt h
decrease the draft of the barge to get the desir
the barge, the ballast system is tulsead et @att wihmcthh
balast tanks fill, additional ball ast pumps can |

F| coavter technol ogi es

Over the past -odwecra dteesc hmaingyu efd oaantd vari ations hayv
secwibh give an overview of the existing technic

technique is discussed, an overview wil!/ be give
The following exisdaverg tasmmdhrioqpgeceptarae dil aussed
Existing: techniques

A HI DECK

A UNI DECK

A Smart | eg

A Catamar an

A Twin HTV / Barge installation

A Strand -paek float

A Twin HTV/barge

Concepts

A Twin marine

A DSI V

A FOHAG

A Forklift

.Existing techniques
HI DECK wi th DSF

The HIDECK installatiofSmejhond@0d0&hshdenéedeshemmt

conventional . It usesomedémlessoecppoded far bwa dODEF ¥

create enough clearance between the barge deck a

which is very stiff and for a 37000(nHeearoepma de t h

archirtne mating is done by ballasting the barge d

LMU and the topside supports wuntil the | oad of t
he

bywall asting t barge.



UNI DECK
The UNIDECK technology is developed and patenteo

t he -dMyerati nstall ation. The topside is placed on
During the mating st age etdhd oj aeidau Qidne ctharees mart iihtesy gd
bet ween the jacket and topside is reduced due to

HI DECK t dcvMUdisguwmea e required to reduce the i mpact
UNI DECK t eddwnelgampe d sAforri ctahne sWeesltl waves and pr ovi
many successful topside installations. The repor
seconds or Hs=1.2 m with peak period of 14 secor

112

1l

=

=

Fi ga83eNIl DECK

Hori zont al |l oads on the jacks

The hydraulic jacks are designed to withstand a
however dursodgXinodeoln gtleBsatiwas2d d@)nd that the maxi
l oad was about 18%todwamsbtleudegsi daet wehghsuggested

was too | ovovfear. tAlsi & hfel dvatri zont al |l oads are depc¢
it di ffupgud tdaoi gretl oad covering all scenarios o
di mensions and horizontal stiffnelsiss orhedrse timdter

attention stitheolrd zbentmdi ddetsd gpt !l dedi gVdrmakéca| ad

shoul d be whrevtdhear i 700% eadf t he topside weight coul d
|l oad. Attention should be paid on how the horizo
|l oad can be defined in the topside Cw@d()gl obal o
Sma-t € g

The dmgr-dfvyeratt echnol ogy does not require LMUs fc
the | egs and fenders to make smbbthscanmaceée. c 8mp
fl oater technique compared to the HIDECK and UNII
patented by the French company ETPM in 1993. The
harsh weather conditi &est aedcAi minga s wEhé mavtesf an
install ati on owans itnhset aHP Kag ipadnatifn Afri ca.



-~ Spherical

Slider g Bearing

Fi ga4ma-t e g

Catamaran (All seas)

Utilizing its Dynamic Positioning (DP) system, t
The motion elimination system comes into play, c
transverse movements. Dlad lwvsddeamlg iig tthen heptiidmiai
gently touch down on the jacket. Using hydraulic
seconds.

Upon touchdown, the horizont al and vertical mot i
mode, allowing the platform structure to guide t
|l ight weight topside, the actirvwes ssyosnt eénhemasitmrtuacitnus
Gradual ballasting of the vessel follows, transf
ball asting phase, which may | ast about two hours
clamps reach a "neutraampelecarmthensafAel yhopempeoedn
wi thdr awn

Before the clamps are released, the vessel's dri
compensate for all forces on the clamps. This <co
they experience mini mah tkbeainangvéonseedi pecmaon
guarantees the stationary position of the cl amps

Once the beams are retracted, the vessel i's free

Fi ga@sRi oneering spirit



Twin HTV / Barge installation

A twin HTV orovwewirnubaesga fhodem of f loovaetri ng vess
operation. I't can be used with a HI DECKr one &ds D&
transport barge or a HTV {TThepepldlfacofmrmhéel oad iwag
the White Marlin from South Korea to Stord, Nor w
HTV onto the sistescveorargaes.phfeoremedhe It omahhoul d

strict omodrediweatni t he dynamic positiwowiemg wafs t he
preformed inshore.

T2

A

M

Ul
5

et

Fi ga6Tewi n b arogved cleoawwri nches, 2023)

Another type wivetrwiins bhdarge nfslit @datl atovoenr owfasNi ni an
preformed inshore but with the addition of | ift
required height as can be seen bel ow.

Fi garTewi n b arogve¢ Wolrotaman, 1978)

Strand j-oavcekr f | oat

Anot heavdr otagchni que that transports the topside
fl oater. DwWwerfliocatperformed by | ifting the topsid
the jacked sl ot. Whenbarhge twmtsiildei tis frian asle de If & voa
flield with infil!]l egs. These | egs are first wel de

I
onto the | egs. This method and the f-2i 6ode t &8at
descri(bMved Wayng, 2018)



The advantage -ofema Wiotwhdetkahdopacks to raise th
is that | ess stabilthgretmaegqowerdanddrshgrtemanisa
Furthermore, the topside does, nsodtvhigneggqmuodwcttioomec
a DSF. It comes with the cost off fa hloogregevrel idn sitga li
required as the connection between the | egs and
.Qoncepts

As th-evéelromarket is evolving, it drivesvsecompani e
technol ogies that make competitive alternatives
bel ow wi |l laldteesrtnfambievret tdamssempitlsed. i n | iterature
TWI N Mari ne

The twin marine |Iift system employs two vessel s
simultaneously raise the topside. Buoyancy tanks
as depictedd iTrheFilgurte o2bat asit onmngi hhel yesedet anks
outer tanks (not shown in the figure), <creating
boasts a | iftimeattciampsacwhiyc hofwaodwl,ddO0e it sl ightly
oveoned by85tlhedb Vbt barge of Heerema. The installat
unkndwmause there have not been more publicatior

concept.

Fi g@8Tewi n marine concept

Technip DSIV

The newvét omechni gueeNadnescChokildemy nmeGthd)d for inst
production decks onto fixed or floating substruc
designed multipurpose veslaped whe cdheli st lmatl i m&re dg
substructure. Tlke deadk stiabtbeenohdowet he substruct

weight transfer. This technique is aimed to allo
is aimed to achieve high air gap imrstaltlhati ons od
a ceofsftective alternative to traditional heavy | i
of f shoug JeMaorkc CholTheey,t e2c00Mi)gue i s al so i ntendec
transoceanic transports, increasing the range of
2mMmom@T with four Iift towers, t,0@m@Tc owmictelpts icxa plaicfitt
towers. The conceptual operational Il i mits can be
HI DECKchnol ogy without the need of a DSF and a |

10



Transversal beam

Pontoon
Rear Gate
Fi gaeesl Vv
20 000T topside Tp<8s Tp<10s Tp<13s Ip<li5s
Surge motions (m) 0.11 0.19 0.43 0.56
Surge accelerations | 0.14 0.14 0.14 0.14
(m/s?)
Heave motions (m) 0.50 0.70 0.85 0.89
Heave accelerations | 0.30 0.32 0.32 0.32
(m/s?)
= Allowable Hs 1.60 m 1.14 m 0.94 m 0.90 m
(m)
Figa@t@®roposed operational l'imits DSIV
FIl oat over high air gap (FOHAG)
The FOHAG concept system is a modul ar system t ha
i ncorporates a proven rack and pi ni-wm proampwamteind rs
pl atform, deployed in the NortmmhiSeaeandgn€aspioan .
20, meOroml ec k wimeh e 20r gap.
The system is built up with the following specif
A Transverse beams: These adaptable beams rest
vessel widt hdsep etnhdecimte gqluaweii ¢ lyt .
A Jacking systems: Mot ori Zzemtghe ol nsnhal wWat honacgo
both ends of each transverse beam.
A Mot orized edlapmnds: tBhexs e columns feature a con
A I nterface components: Shock pads on the col um
during the installation phase.
A Hydraulic equipment: Each jacking system is ¢
facilitating precise control

COLUMN/TOPSIDE T
INTERFAC COLWN JACKCASE BALLAST CAISSON

- -
'__ i < ---" LINK PART HALF-BE

HM.I'-BE.‘\H (PRECT CEPEMDANT)
\

s
" ‘T ~LATERAL SUFPORT

(BARGE DEPENDANT

Fi gt EFOHAG main st r(Lathwryg!l 2@ar7t) s
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The installation | i nmiftosr vwarvye sb ewtiwehe na ap eHsi oodf ble.t7
7.5s and a Hs of 1.5m for 7.82 till 10.5s. Thi s

2,0

1,5

E 1] Al

Z m Oblique

0,5

0,0 -

45 55 65 75 85 95 1056
Wave peak period (s)

Figat®roposed operati pB6ahayij m087FOHAG

Forklift (HMC)

The forklift concept was ,howelvepedsamdsi heent iadpa
several years. The concept w51 awere®| dxtwsndddesd
topside could be placed on -beprofBehwebprpambe amdd
beams DSUO6¢ her UNdDlELCKofcoul d be placed to enabl e
The Forklift concept had exciting potenti al in t
system thheeBBHeemnd t he spar.

.Bompari sooverf féolmmol ogies

After many installation methods have been discus
which the relation wild.l be made to the Heerema |

Tabald | coavter met hods compared

¢CSOKYAIld! AN I3[ a| {GFroAtAlLYaldlttl a2/ wWSTSNBY
0 NB|j dZ NB |j dzA NB
0¢NJ yaLld
9EA&oy 3
I L59/Y [ F NBS, 9 | LDI & nopY Fylol SSNBY
MOp Y I NOKA @9
P bL59/7 Y [{YIFTT, 9{ I LDI hw/lda mMmdpY ¢LJS6, dzz H N
f I NBS 4 MPHY ¢LJ
{YFNI fS{YlIffbh [ h2 la mMm®p Y G|oDSy3a
[ AdzZ H T
[ G YENIT AITK |, 9 | LDI l & mMmdpY of|o!ffast
0t A2y SSN 0l1Yy26Yy0
{ LA NI O
CoAyY {YFtf, 9{ Lb{Il hw9|bo! O 0. 2allft
l ¢+k. ! wDOfl NBS HAHODOD
/ 2y OS LI a
¢CoAY YEFEN{YITfft [ h2 FY1lYy26Yy 6DSy3a
[ AdzZ H 7
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5{ L% I LDI |, 9{ [ h2 l andon of |0 WalyND

| K2t f S¢
Chl!D I LDI |, 9¢ [ h2 la mMmdpY oaf|6/ | KI &3
C2N] ftAD |aSRAd, 9¢ [ h? |l & nop of f|01 SSNBY

F NOKA @8

ThEort s udesd atsitamd tl mdeyqonr es a high airgap offshor
the jacket is desi gwmiedit H oof a4 Z3m nagndc tbhtag gjea avk é¢ th &
means that the foll owbepgamethbtotdse pmrekbBbdbtoantopsti
such installation method. They are summari zed be
not sui tabh eti &dteitat hati on.

Smart | eghis requires welding cylinders on the t
Twin barge/ -AV&r i Jwteifdlt biat enot possible with a

Twin marNmeiinformation on the concept status

DSI V: The concept is too small to fit around t

FOHAG The jacking system lmakassehit bawrbk Wweden
shelThis results in the reg#®8i5nement for

ForkliftThe concept is designed for a topside in

jacket .

This means that the HIDECK and UNIDECK are the o
jacking system concept. Wi th the jacking system
above the barge d-eacnkd iUNIcDOENCKr. a rTyh et oa divhaentHalge of

|l ess sea fastening by the samegbesceaau sset aotfe tahned samal
height of the topsbdeusAst HeeHEDEGK fontenhhe tops

techni geuempialrlkedbé o the proposed jacking system.
Fl ecoavter model |l i ng
Al | tioeefrlsoatat have been model | S t he same

ed u
into one bopyi dedas ha separat-evbbodiys
ough

e
Epftthermot &
di ffereanast mMbdebygstem changes thr ut

o] the oper

The models are gener alblex asicleved ithmet meontiime add md
LMUs and t he i mpvect&hnuo duegléldilnag di f ferent approach
frequency domain and tlhtet me damdai tn he step towards
Moti on compensation techniques

A motion compweairs adyedt drh,oakbased ,awmi&iee |Ap pkenlomann p
for its capabilities of compensation movements i
a 12000mT topside installation. A study in 2007
hydraulic jacks provdd yt d. Hmesdthdechnheawenghldt fohart
topside is far | ower than the F320 B0 mMGeDuwneigmn g € 00 C
a | ater study, a simplified model wasoberlt to s
installation. It showed that during | oad transfe
time of slamming reéuZRdubyZdh2ay epsanf abadrtafs
in use is because of iIits comphexiiwn. cAhmpalI2GO0hmT
ai med 320WOmdtiichin makes reducing the vertical | 0¢
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Knowl edge gap in |iterature

Traditioconvadrlsy Hdweatbeen performed with the HIDEC
combinati osandgi DBEUMWEhe DB8Uated ,ohi clopi 98fveéhg HE
the ordermmTdim. 10be0@0fference between the stiffne
significant. For jfthhee LsMUGS fiieth eitdhielgmawrit etmMea t mpact

thus be expected that a |l ess stiff system, A jac
|l oads onnd her PSMUtahi s sat sdp st awaiotth d cwsltd |l detii rotne
to investigate what the effect of the | ower hori
|l oads and the interface | oads (loads on the | ack

Di scussi on

The | itetawdrldosastrusd yf ocuses on the techniqgques an
procesasmn. blet ¢tdmel wdhed j acking system i s a combina
floater techniques, as ibvenvbhgees anhbghlake¢evagi
interface connection between the topsidesignd ba
condi(tSeach.spon2 ei t her technol ogy can be applied t
fl oxater components will be affected by this new
HI DECK and UNdWeErCK drleoapger f or med are natt esorhipar a
the new concept. The new concept is designed for
2.4 meters and a peak period (Tp) of 8 seconds,
an Hs of 1.5 meters wawe nflaaiRbed alrhee r ckif roe et, i cenv eann d
design values -dverms pareesi wued ,f ltofaegy woul d not be
heavily dependent on beai desti @tn. | Tolmidss rmeares ttoh at
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3.0 JACKI NG SYSTEMS

The concept of the topsi de85laciks nign sspyisrteedn L yn ttelge
of aup ac&ks sedasaeadl jlamldi ng systems. The jacking s
Si mpjusing existing and proven technology to keefy
the advantage of the matured t echnuwp owar. i Owtexr hah
been constructed, all with rtsypdvaht pgekki agdségtc
foundooaes Jacking operations on | and bavkabhden p
jacking systems have been developed by heavy | if

The following sectionpwsybstdmscfobevemssel pl anfac
folddow a summary and conclusi on.

3.1 Driving systems offshore
The driving systems of the offshore industry wi/l
3.1.Rack and Pinion
The most widely used jacking system is the rack
to other systems. It operates with pinions mount
driven by gearboxes andottdonr . heTo ame ckcd e tad st 0,r thhy
slightly fewer teeth than the ideal number, resu
teeth must be strengthenwvar idatei admms filucltawad i lgartir
bet welesy amad¢ pinions.
Rack and pixnissisn glae krsack and doubl e rack model s.
|l eg centre, applying both vertical and significa
rack features two opposing racksd dnoaodniengc htohred ,| ee
purely vertical |l oads. This des,wdhn | enanimae i efi fnigc
unnecessary |l ateral stress on the structure

|

5
A

Fi gB8itRack and Pi(nABoBn s2y0s2t3e)m
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.2acking cylinders
The jacking cylinder type dtyrpucctadrl egys ,c oargpah sleisn K e

interconnected by jacking cylinders. The platfor
process: first, releasing one ring and extending
releasing neéter amdthiemg rtimg,cyl inders, and fixing t
movement is discontinuous, this method generates
jacking assembly is generally hidden hgwayyuiln ctalh d
driven. The c¢climbing ring has multiple variants,
the |l eg seastbaenBbetrexrr®8nt he | eg has rings on wh
rest as can e seen in Figure 3

N

¥

Fi gB2kacking systen Fi gB8Ri pped jack
(BpPrheim, Manschot,

.®i nches

Arecent advancement involves wutilizing winches t
by Mammoet and Van Oord uses a complex winch ass
features four boxed | egs, eadmgmauhmegalbdcbhkyne hfr ®re
gener ati-thgngsioamttes rai se the |l egs. These winches
and guidedhBywsheavase directed to the head or f
head and rfeoostheavertel cacks, each housing eight gu
the head have | arger diameters to prevent wire ¢

with seven guide sheaves each. vVEhes ewitrhes hfera@m otf h
|l ooping back fifteen times on one side before be
the third winch (Dall gwsaibpugmidipeard2g@®2it he f oot of

16



Fi g84Wi nched Djaat¢lk shipping, 2002)

Pulling the |lifting winches results in the platf
the ctoemgsieon winch maintains tension in the wire
pl atform back into theewsteureduushnggtsbarseen hi
l eg. Four cylinders arranged vertically press tFh
friction to hold thed elgggesd §eaoanprienlgy jiarc kp lhaacse .a Tdhee
400Dmduring jacking.

.8trand jacks lifting

The jacks move al ongt ean scialbd es tcroampdoss,e dl ococfk ihnigg,h an
using hydraulic systems. A hydraulic ram moves a

engage the collets, meacrhatnh & anéd ¥yt gjra elpii mg 4threolsd
| oweri ngepraskary to maintain compression and cor
control swit bdheyedsr aruelgiucl aptriensgs ur e t(oD.pP.e VTeurttu rreaap i d
Conoco I nciAr@pl&anlksgry, 2002)

Discharge
port

Fi g8bHHang Tuah (plL &t f 9@muoea | nc JAGup aEkkesroqay, 200
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3.

4

l'ifting,

The strand ck senoetaacbavbyuredi t echanh
t he DRM Toop stihdee .L F7

j a
i nstal l-2at

Leg type
The -jmckessels are built with several types of |
as follows: Truss frames, tubulars, box, square
summari zed bel ow.
The advantagebtshbé&t at heywsbBa¥veamehi gh c¢hbaepcaacuistey oafn d
the principle of a truss firhahnee .d eAs idg ns aadnvda nftaabgrei d
The advantageisghercsiumgl|lichalyans the constructi or
i mited t the rolling machine.
The advantages of square or rect addultare g eacctkii onngs
system and the dimensions of the | egs As the re
bi gger thanhowkehed $&csionsreases the productior
combination with the winches have the advantage
reducing the cost of steel
Overviewumd Jack
The table below wild.l gi veenldergy «cwenbv inaw i @fn st. hdHep @s
and shock absorption are not explaiuwuedsyBFhemsef e
investigated in this chapter. The capacity has a
Ther e adief fnrearneynt combinati ons touphoadvewgrwicolstt he
di mensions and complexity differ.
Tab3dl®Overview jacking systems

W@ L) 5 NR @GS |[ SHE LIS|CAEF ag{ K2 0] /[ LI OAlwSTFSNEB

aeadisy 0 a2NLJ @SaasSt

whk Ol (9t SOGNGCNHzAA |. NI 1S |[wdzooSNJtSNE I|Lyy2dlI

t AYA2) 659a90

WE Ol Al @RNIdj/ 8t AYR/ @t AYRWIOlAY|[28 (2 x2ffS

Oeft Ayl i dzo Sa& Oef AYyR +Syid o

b dzf £ 0

2 AYyOK|{9f SOUN{ ljdztr NBt Ay a | @ RN dzj[ 26 G2 WdzY LIA Y
| @RNY dj1dz0S& |/ N2&adbA(NRBI|aSRA dzY
tySdzytl { LISOA U

Jacking systems on | and

The biggest difference bet ween jjaacckkiinnggh leseyi sgthetms ¢
modul arity and | owust dmi Itihtey abhbesgwmicreemdnt(dbarge/ ve
Ssubsections below wil/| describe the onshore jack

. &t rand jacks

A strand jack is a hydraulic |Iifting device used
with precision and control .-skttreogéehaseeebysfgriappg
hydraulic jaws. As t hee jsawsa,n dtsh eayr ea rpeu | tliegdh ttlThyr ogurg
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from slipping back. Hydraulic pressure is then a
while |lifting the | oad. By alternating the grippg
manner, the strand | ackThiinsc rneentehnotda Iplryo viiidfetss stahfee
synchronized Iifting, making it ideal for wvari oldu
.Bydraulic jacks

A hydraulic jack works by applying a small force
hydraulic fluid. This pressure is transmitted to
By utilizing fl uid praesnseucrheanihcyadlr aaud viacn tjaageek,s aplrlc
of heavy objects with mini mal i nput force.

Ma mmoetupgPush

The jacking system designed by Mammoet can be us
objects. I't uses two skid tracks for skidding ac
the jacking operati ons fjoaucrk htyhder atuol pisci dcey |uipn. d eTrhse
modul ar design and is therefore made of multiple
jacking stwupkassEmdbl pudlmas a capacity of
2400mMTammmoet, 2023)

(Zhao,i n20els2t)i gated the technical specifications,
l'ifting systems which would be-upheTh@COOmMTownet sisa
that a jacking height of 10m wietats i40®0mMT per |j ac

Skid track
Push/pull unit

Fi g@86Mammoet jackiMagnmmpetem
Mammoet Mega Jack / Sarens CSH

These jacking systems are the i | abl e
design T-bebmbang seWéup Ryndf
hydraulic cylinders per tower - stroke
inserted into the towers incre |, 2 ght . T
CS5Mh0as a capacity of 5000mT & t meg
5200 has a capPpazriernys of26230mT

Fi gBr®ar €55 00(
(Sarens, 2023
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Di scussi on

Thjeacki ngonyxetpemi s based on thae pesseiplteecept aanrt
based jacking systems. T-hp Meseerht Uegssandydfoedl

as dbased jacking systems bec abues ec oomcel u eseads etghl aatc ilr
equi pment primarily focuses on vertical capacity
|l oading. Fubabedmegaeiji pmand is modul ar, intended
meaning it ig$fesbtoreuijtazlkli @ gf @amdo mating.

I n Chapter 2, it became cleaerthat aBosigonfakaht
as vertical | oadibnags.e dT hjiasc kmenagn se qtuhi aptmelnaonvdelm ou |l d

Whil e the driving-upgpsseimns dodnbégprovi dacknf or me
horizontal design | oads, they are used to el evat
vessels occurs when they are subjected to wind a
systel‘nsgandf of fshore vessels could be a viable
case This means that a concept -cmnv édes elr ecartiewdi ru
systems and | egs
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4 .

30 ~7o0 4

0O CONCEPESI GN

I n order to answer the research question on how
fl oater operation, a concept design has been made
jacking system that coul dower ib8brdggea at dckri mteq uti Ir e

where that the bargeés framesdandhkkottacrki Nlgo 8lyd t
be made of proven technology to keep it simple a
32000mT substation

After Chapter 3, it became cl| euagr vtehsaste Itsh ec odurlidv ifr
basis of a jacking system. | o vehaputsdrmng2,a ijtacwkd ;¢
combines HI DECK amnwe rUNtl &EEKeIf d@y.e dThuincertainty a
| oads Additionally, there is a significant diff
floater and the concept, its effect i s also unkr
be creduedto make a design, a design | oad is rec
is made based on existing design | oads found in

Design conditions

The following design choices have been made basce
comp:any

A The horizont al or | ateral | oads

A The driving system of the jacks

A The shape of the jacks

A The Il ocking mechanism

AL The amount of jacks

A The jacking height

A No modifications to the barge

.BEnvironment al conditions

The | ocation and t hoev emonitrhs tianl Iwehtiicohn tihse e X eocaut e d
environmental design conditions. As tae jacking

install ation. ofThehde®ugohcopondbsti ons of the North
African swell waves. African swell wa&awes are con

installSeijdu2@mh?2y more, the | mrxtaiubha@atdhensummpl an:
wi nter months andcondiatwiemamdoéeér camdi dav es .

The choice of tdturemvpeoimodntwdli chon diet isyrsd.em i s
critical decision in offshore engineering, typic
determines whether design is based on restricted
(Morten Bbrhmeiomr ex939%)esign deci sions were highld.
weat her conditions duri,bgti nstdl bahigheandetir ans
compared to transportation, -rredsauletdi rdg |iary smu IAt ikl
|l earned is that the topside should be jacked up
installandenscdhes the i mportance of aligning th
the jackingosermrngepwanhdsadpatki ng system.

opside weight and CoG

he vertical | oads on the jacking system are pr
entricc&€wmnssi aaeirdi gg,d hteo pveiiggnt of the topside i s e
acks. However, the topside wild.l have a CoG enve
opside weight wildl not be evenly distrirkuted ov
tatically indeterminat e, this wil/@ resulHdr i n di
axi mal vertical l oad in the jack. Overall, this
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king system as it is unknown which side of tF
e. A hand calculation of the vertical |l oad di
tingency

failure of the straf@dDPPck dlei shiomwgdopadeai mpw
tingency measures. The designers did not 1incl
outer | eg( Weomnge,r i 200l By sttudetbli @ -dMeoratshoul d be abl
tinue its operation without c¢comgl etnestfadillauri e.l
ause they could not return the topside to shc
y advised a full contingency plan should be p
izontal design | oad

horizont al |l oad that the jack must be abl e t
mo ment whhidoteh ide coaipd eedld ioavmeet eérh.e Thaicsk di ffers
ge and the mating stage as during the jacking
ving system and during mating the decoupl ed n
horizont al | oadft dhne i n gg cevaa rédnigreddNglledG 1tOhteo b | e

ton, ok6tB) modB8hitelROROPft hat t he gl obal hor i
of the (Bpeideéd&@hgmded a horizontal design
ght However, these horizont al | oads were fou
ns foevre rtdssatissed earl ier the horizonsalcaoeads
ul d iboeh otoaskienng aThae hiiogn zloma G | |l oads are heavil
side weight, barge size and thus have to be i
the jacking stage the wind wild.l cause a hori
ving systems

|l iterature showed four driving systems that
tem has provehOWamwmg baed 1wifti crud tt efddnaltuigos, it wi |
used to create a concept. This | eaves three ¢
raulic jacks.

k and pinion are -ap pv ewusta | rseeqcuhi nroel oagdyd i otni oj naacl k
ulars along its entire | ength. This drastical
jacks Wi nches aupe we sdsweati® vieao twogrikv eo nmujcahc kst a b
d as a jheksnagbislisteymof the jack mubsyt come fr
ction in the guiding house. The stiffness of
rauwalcike areupsedidabmagadickcki ng systenmsheand ar e
raulmucstj @dekaused in combination with the | ocki
raul isysjta@®enkitmg most efficient.

shape of the jacks

the design pewereasls ofudihael jaskesct s demand car
ength of the jack must be assured, ensuring i
ilability plays a significanlt irnotleegr iitnyf.l uTehnec i
erials and construction methods should be dur
potential wear over time. The jacking systen
strong enough in horizont al direction to deal
ss frames have a high stiff ne(s¥atasnwa.gcran2 d X)v a
s paperdl @dggedisjs@adk au@ which had a detdwei ght

d distance of the truss frame was about 4m wh
aus85tthdald a typical Owmenbf Famé hepmoireg ohe280r
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truss Ifalbdomer eisss ince all the joints must be wel ded
si ze.

Tubul ars also have a high stiffness, but their s
tubul ars i s,sialcaet it\welyy doheap r etqwhb ualeaeresat énai ¢ & e\
product after they | eave the steel production f &
usawbhetrree round is the most materi al effective an

tubul ars ,wed dude afsetdhe effectiveness of materi a

.YThe 1l ocking mechanism

Di fferent options of | ocking mechani sms are poss
systems are consider ed: -bAaspedn ctlharnopu,g hort hae |joacckk so,
l ocking mechani sms ar e reeltahtee da ptpol itchaet idorni voifn ga sjy

floater is new not all deci,dbudonal aoneomasaed aohspd:r
pin through the jacks and | ock on the tooth are
neediageta &ysamrenl Heo cfkriincgt i on c¢cl amp i s more sens
system to apply a f.0hre ef rtioc tgiemre raft et tdhes fgtiem i man
due to for instance an oil spill resattihg in a

jacking system

Bhe number of jacks

The number of jacks is determined by taking the
the jacking system in the barge. The | ocations o
the frames adjacent tjoadkhei skdap drdaerst. drmet heoanmu
in the jacks i s c aascuclaant ebde bsye etnh ei nb oalttt atchhenoernyt o
number of rows,ianwagpadksepei nedwto use four r ows
mean a small er diameter | eg and thus a | ower r1eq
point is that the jacking system cos®r $ nt hdi same

stage the frames and bul kheads of the barge are
|l arge enough to fit braces and seafastening for

. dacking height

The | ength of the jacks is |Iimited to the helgh
I't should be noted that the DSU or | ikewi-se syst
851 has an inside heaoipghtdeofneled.s8 tme trerax hagad hteh g |
study¥or the concept calculation the | ength of ¢t}
Concept 1: Cable, winch and pull ey

The firststcewenlcwelpar iwi tah a winch system as drivin
for | owering and raising of spud piles. As can b
300mT each if a single cable is ussleyd.anTdhedoad onuot w
redundancy in this case this results in a total
|l owered by samdiwngi pygl meghani cal advantage. The w

wede do tt he side of the jack. The |l ocking mechanis

during the jacking phases. The jacking speed can
The principle of the system is very simple howeyv
Further mor e, the cable to |ift the jack wildl el o
not ee@euaglth differences could occur during | iftir
of 208 winches on the barge deck filling the spa
completely filled when t hedgdender at ors and hydr au

23



Figditonce@ablle, Winch and Pull ey

Concept 2: Hydraulic jacks

The secondstcoebelpar i wi th a hydraulic driving sys
section 3. It uses 8 hydraulic cylinders to el eyv
jack is supported on four cornerseardhmredctalpacij ag
the driving system is 2450mT meaning that i s has
one. As the jack can be used with only two sides

Fi gd2@oncetpytdr2aul i ¢ j acks

concept is very compact as the driving an
space between the jacks can be |l eft empty
the stern to have sufficient access to the
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4.4 Concept 3: Rack and pinion

The third concept is a tubular with a rack and ¢
jacksn weoltvad per jack. This means t hatt hiake dri vi
twice the needed capacity and thus ensuring redu
motors and the tooth rack resulting in a redunda

Fi gdB8@onceRack3 and pinion

The drivi nlgockisngnmyantdem i s | ocated around the |
the housing around the jack wildl extend about tv
4.5 Final concept

Concept on(Concept |[Concept

winch, and|Hydraul iRack and
Contingenc]NO YES YES
Variable | i{|YES YES YES
Complexity|Low Hi gh Medi um
driving sy|j
Capacity ojLow Hi gh Very hig
system
Deck spacel|Hi gh Low Hi gh
Motion com|Little Hi gh NO
potenti al

Figdd@ompari son of the concepts
Contingency is important asvemewihowsldy tdef airlawsr d
it is not present. The total capacity of- the dri
over . However, havifnagv cauirhaibglheec A paoir eyasahopei des
wei ght over ti me. Having enough fee deck space i

transport to the site.

Finaly the choice has been made for concept 2, a
17.6m above the barge deck. It has a diameter of
system is driven by hydmpwsl iac oauwnldi ndher §.ackheeroa na
cylinders, the c¢clamp has one | ock that goes thro
capacity was very | ow compared to the other two
cylinderbeoaceptt hhese driving system is very compa
concept As the aim is to design a system | ower
bet ween the jacks is used. The moet egampactAnc anc
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can be divided into the transport, the jacking,
stage is not cdoiviefrerweintth faorb atrhgee filnotaetgr at ed | acki
convent i-oowearl. fHooratt hi s sregeelthdeféegedr amdntan
using for instance internal software as the tran
does not have any relevant guidance fovem tama r eg
undocsktiangge have ,somesgiui dahicei ted and requires a
Stability
I't i s aimed that t-beebardgeofries tbhael Itaosptseidd et o sf |joaact
i nvestgiifgatheed stabil ity of the barge meet the st al
verify if the topside can be jacked without ball
identified as a stability concern and must be ch
A The stability could become a problem when the
the centre of gr awixtiys mewead nyp tedladng hteheGMZ dec
measure of stability meaningatpasi theeb&Mge h
A The overturning arm due to wind | oading incre
which wil |l be raised into the air. A sudden d
moment wétiocha lheeaed i Ng angle to the other side.
A An initial degree of heeling could result in
along the fault error. Thisametaime héiadhtehiener
topsi de.
A The natur al periods of the barge topside chan
positive or negative effect on the jacking sy
These identified stability concerns are investig
Jacking system instead of a DSF
When comparing the UNIDECK installation method,
on a difdwerntedhmaltogy. The considered | oads an
may not be applicabl e t o ctehpet ,j achkeisneg dseyssitgenm.l oTaod
system must bNoinhe$Sti gat odtad ettt md edse s iNpmxtl oads f
system, the horizontal | oads on the jacks itself
be used h®woferoar i f the concept and or design se;
system on a barge has ,whitchereai descrhbegueéesnt il on e
system can be modell ed.
The jacking system is not the only component i n
I i mi ed capacity and thus the effect of the jack
wel | The difference betSae ebneitnhge tjhaec kdiinfgf esryesntceem
rotational stiffness
Di scussion
Now that a concept design has been made, the val
Furthermore, the stiffness of the jacking systen
How does the jacki ngovseypsetreant iionnf2 uTehnec ed itfhfee rfel nocaet
stiffness, identified in Chapter 2, can now be i
the environment al conditions, it was concluded t
essenti ans tThhats tmeem same sea states should be wus
no intermediate ball asting, tthhee snteaxbti Icihtayp twerl | b
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5.

0O STABI LI TY

A flooatr wusing a barge integrated topside jackincg
yet The barges and topsi de-ovueder §bavairnguwi shat
the barge deck foll-owkei bt t hedtobips aldleovaetrt . élotmat
i s unknown what the requiremeonvtesr dtuercihnngo |tohgeys ei sst
stability of the barge changes ®&oél owijngckhegcof
Chapterhd stability, heeling hamogda |l armbe timhe ersdtigre
this chapter.

Stability requirements

The following organizations define regulations f
and DNV. The stability wil!/l be checked for intac

its undamaged condi tiigohnt, atnydpifclaolaltyi nwgh efnr eietl yi si nup
criteria are checked as per rules based on types

The I MO requirements of intact stability and thu
Rightic;\Zg arm A = const
.3 —— (A: displacement)

GM

A B |

! Angle of heel

|
0 10 20 3o¢f'4o 50 602 70580 "

m f

Figbilypical GZ curve exampl e

(a)Area A O 0.055 (mrad)
(b)Area A + B O 0.09 (mrad)
(c)Area B O 0.030 (mrad)

(d)Gz O 0.20 (m) equaln tam gdrel. gprfe ahteeerl t han 30
(e)Gzmax should occur at an anglfe (offheheenli tecgaudalme
height Gmo should not be Il ess than 0.15 (m).

Stability during installation

During -dwer fNoklte Denton gives the following req
Barge stability shal/l be shown to be adequate th
should be paid to:

Stability checks should be conducted for the ful
cendfregravity predicted during installation, thi
and jacking the module where applicabl e.

Any installation with a smakhdfmedraawinty i (s threugthu
induce a heel or trim during the ballastlng | WwWe
moment ceases to be restrained by the hos struc

28



ases where a change of wind velocity or wave di
trim during the installation.

Duringvferoatnst all ation it maywyebecheaeasnary btyo min:
barge draught within stability I|Iimitations. For
positive GM not | essunt hraenq utihree nirelnatgs .St at eds mi ni n

During positioning of the barge an acceptable cr
00 p8u
Q ™d T@®0 = Minimum freeboard

Using Hs = 2.4 resulll.sbmn a required freeboard o

Stability during jacking

For t oadfhleoadteck i s-ovelrl equwpmbntl| sath as ball as
positioning equipment and the integrated jacking
within a workability | imit, thegfoldleawi sdhomue guist
above the water The sketch below shows that 9 d
i mmer sion. Additionally, should be checked if th
reached accow.dilmg-BtiagathhreeoBDNM een t hat the require:
a maximum heeling angle of 6 degrees which is st

- __—Stern width of H-851

/ B T f o , MSL
1 T
o W s /

15000

Fi g62Heel i N5 o furHt i | deck submersi on

Stern width of H-851

N e > - -

1500

MSL

! 10000

Fi g68Max heeling with required freeboa

requdvwermeaind jfaoockitmanwe ooamtda
se is not int eroevsdtm anrgs @ @r ti 1 vtels
elvevhei bopside is transported
onehbechasachétiest eashof atkes
sidered possible when the jaclk

sQ S QO
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Boundary conditions
To investigate the identified concerns, the barg
is simplified to two squares without curves. Thi
on in the chapterdés conclusion.
For the hand cal cul ati onwhihceh faorle otwa knegn pfroorpne rtthi ee
of t8b%1.H
Tab31lH-851 properties
Bar ge H-851 Uni t
Light weight 1138273 mT
Length 260 m
Beam 4 2 at bow, 63dm
Depth 15 m
VcoG 8. 76 m
Wetted area 14154 m?
It 3.86° * 10 m*
L
B1=63
B2=42
Bl B2 [4-154
12=106
L1 L2
Fi g64%i mpl i fied8d85lhape of H
The following properties of the topside are useoc
Tab32dopsi de properties
Topside Uni t
Ma s s 30000 mT
VcoG [ z] 17 with respedm
topside
Length [ x] 122 m
Beam [vVy] 70 m
Height [ z] 55 m
Wind area [x, |6710 m?
Wind area [y, [3850 m?
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70

Side view
122
z

z t J
s X

Side view
. 55m
y —— s

e
17m

17m

L .
122m " 70m

Fi gbbleopsi de Centre of Gravity (CoG)
For the jacking system the following assumpti on

Tab33 ack properties
LY Al
pHFOP I MyHDN Y ¢
TOp 6AGK NBaLYY

~—|u

O

— [ Q)X
D
Q)¢

|
<

Q)¢
O-| &
Q)¢

I+$'D§

N.)QJ(O(
O | ox|—

e)

Change in GM

I n ship stability analysis, the metacentric heigdg
the ship heels slightly, the vertical buoyancy |
call ed the metacent rtean(cM) .beGMveiesn tthhee wvceernttircealo fdi
met acentre (M). This distance is a measure of th
A higher GM means nitial stability, maki
a |l arge GM has oll period. So, GM is
resistant it is ee,i shepawtshta haebge
and thus has a al acceleration.

3

Fi g66Hy dr os(tMad cise, 2001)
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KG Keel to vertical Centre of Gravity (vCoG)

KB Keel to Centre of Buoyancy
BM Di stance between Centre of Buoyancy and metac
GM Di stance between Centre of Gravity and met
., Y
Lo —
C
‘O ‘O
ou —
n

First the GM is calculated for a pteaptdeefi dy bal |l a
beam of the bdrefa ae damgube dPec¢mow.

hjacking

Figbrfleopsi de jackemdg stage start

The GM reduction duejat@hgverab L ambedi apthaergmeni nht
gravity. This can be fouMd heiMhle tloeéeadl amsaf o hi h
the topside.

‘00 «a z'Q 70

"O0 0L 0O

For five different topside weights the GM reduct
The change in GM is invedtOiigat @WMRATWIbt ha s toegpps doef v
500M@T

GM reduction due to jacking

—— Topsides weight is 25000 mT

14 { — Topsides weight is 30000 mT
—— Topsides weight is 35000 mT
—— Topsides weight is 40000 mT
12 1 —— Topsides weight is 45000 mT
T T T T T T T
0 2 4 6 8 10 12 14

Jacking height in [m]

Fi g68@M Reduction due to jacking
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5.

4 Additional heeling angle due to initial ball ast
The rotation of -atxhies biasr gcealalreodu ntdh et haen gxl e of heel
angle of heel of zero degrees. However, it coul d
ball asted with an initial angle of heel

o el |
G

Fi gb69%xi gn convention of heel

For an initial heeling angle, the barge experien

initial position. This causes a heeling moment t

The heeling moment can be calculated by the foll

0 a z°x’Q zAT 6

Wher e:

a = The mass of the topsi @eT)]

g = The gr dwftsati onal accel era

Q = CoG of set due to iniftimjl heeling

— = Heeling angl e [ deg]

The stabilizing moment is calculated by the foll
b vznzobzOBEdR s 2UYzU0bz OEF

Wher e:

: = The density of the sed m¥idtmé¢r3d]1. 025

n = Displacement of the bamgé

GM = Calcul ated|[@Y per jacking heig

Solving the equwaftoront het a

& 2°2 Q

OA+ g

The chahheeeli mngle is investi,@dmd @FGhmTaddiotphsi de
step00mMEBSsi cheriinng ial heeling angle of 0.1 degr

Heeling angle due to inital error of 0.1 degrees

01301 Topsides weight is 25000 mT

Topsides weight is 30000 mT
—— Topsides weight is 35000 mT
—— Topsides weight is 40000 mT
—— Topsides weight is 45000 mT

0.125 4

0.120 4

0.115 +

0.110 4

Heeling angle in [deg]

o
.
o
@

0.100

0 2 2 6 8 10 12 14
Jacking height in [m]

Figoit@éeel ing due to initial ball ast e
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The figure above shows that the heeling angle wi
0. 03 degrees f avihetmhes il mirtgieaslt heoeplsiimdge angl e is 0.
Heeling angle due to wind

The wind will cause a overturning moment on the
phase due to an increase in overturning arm. The
wei ght00dMT2800mT 4%i t |0 0Dtwedms i ddfee5 wignd speed and |

defined bel ow.

—

Overturnjng arm

hjacking

e o _

Fig6t®ituation sketch of wind | oading o

The Heeling moment due to the wind |l oad is calcu
0 0zQ

Wher e:

Fo =The wind force IiTRRAKCN 0&bc cscercdii mgh BNV

hw =The overturning arm

P

U

q = The basic wind pressure or suction [ Pa]
” = The mass density of?3fairr drtyC aber taatkelns as 1. 2
Yg = The wind velocity duaeragmdeighemnbavei mnbei mee

l evel or onshore ground [m/s] (10m/s) based c
Co = Pressure coefficient
S = projected area of the member nor mal
The wind force is finally calculated with the fo
3. #DzNz3
The stabilizing moment is calculated by the foll

b rzvEnz00zOEL TzEd zUvzUObz OB+

Solving the equbatfioon t het a
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Heeling angle due to wind

0.65 { —— Topsides weight is 25000 mT B
Topsides weight is 30000 mT e

S —— Topsides weight is 35000 mT —

B, 0.55 1 —— Topsides weight is 40000 mT

—— Topsides weight is 45000 mT

Jacking height in [m]

Figgt®™eeling due to wind

The figure above shows that the heeling angl e du
is jacked to height.

Change in roll period

The prealilod i s an i mportant indication for the re
barge is close to the peak period of the incomin
wi || be jacked in the aihusthkekeefolrlke wetilodheTIsiN
investigate the changéemT ftoiDlIOAT 4 wiptsh deAm@Es ghft D f

The estimation formula given by the DNV section

0206
~ C‘_“
n'Ov
Thi s fiosr mwolta usedamsar etrloddsubtdedThns is Ilikely b
C (given by DNV) and the width of the barge, B,
account. The ,pblavgedévi 3t edbapedm a rectangul ar sh
The expected natur al period is calculated accord
. Owwd ]
Y ¢O0 —mMmM
U WW
Wi t h
Th Natur al rol |l per[isgd
Ix x Il nertia about the longitudinal a
Az fWn) Adled inertia about the |l ongitudi
t meat ural frequency (found iterat
about CoG. [ AMT ]
V- Roll stiffness [ MmT/ m]
0 Ww®iI "QQ Wetted area of t[hfk barge
Y Draft of the bar[gr
" B Density of the semliwater 1.025
Y 0wriztye” Di spl acement [ mT]
® Wi dth of the bar[gne
O Hei ght of the bdrnge
i —z— z ®w O Radius of Gyrat i[om
[o10)] Mass Distribb&ovyY#h factor (EG

O |
N
Q

Masoment of i nerftimB] Barge

35



i za Masomant of inertim®] Topsi de
0 0 TotMalsteo ment of i[nmTti a

o)e)

Rollperiod during jacking

—— Topsides weight is 25000 m
Topsides weight is 30000 m

18 { — Topsides weight is 35000 m
—— Topsides weight is 40000 m
—— Topsides weight is 45000 m

S5

0 2 4 6 — ma[m] 10 12 14
Fig6it&hange in roll period due to jac|
The plot above shows that the roll period wil/ [
me anst hteh arto | | mo v e me nstl cowe rt haen do atrhgues widwerbeaccel e
the roll period wil wamwpeevaek fpuerrtihoedr tahwaaty ifsr oenx ptehcet
overThis meéenbarpgatresponse wil/l be more favoura
However, this is not the casepeiale rtohfeedsewedirlse waovregs
| ongewhd wlhd cl ead to the barges roll period neari:Hr
Howewert,hiis regi o 70 fs etcloemnadNassmelbréfBracs se of its she
|l ocation behind the UK and the shall ow water depg
Change in GZ
The GZ csurovven i nssentyonnbedesting in the region
I n this region the small angle approximation can
l ays with thReaawesae off hé ndecleswill be submerged a
angles | arger than 6 degree the minimum free boa
can be calcul at,eda dryd (Gmdys*s isebenc(BDhoeht)a h owed t he t r e
the GM 1 ewtsthwiwend t hat etploes i GM vree manidn t hus t he GZ
as well .
Stern widfh of H-851
T 63000
n e _ =/ o
Figeté&laxi mum hed8lbilng of H
Concl usi ons
After investigating the codcwea ncsanmnwhdrcahw wehree fiadleln
conclusions. The GM ofeqtuhe etnreannts podr t+adt.ilcbn r equi r
jacking without ballasting. The requirement wil/
mar gi n The gow®mmi hgpsade wsth 45GM of 11m afte
jacked up to height. Mmhdusitngcpesi GMoor hnhgei saabé
meaning that no intermediate ballast dadmperkatnigons
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An initial heeling angle wil.l result in a |l arger
height. In the wor 00T ntvepdi dat est zratsien @ f wiat 4 5a

degrees resulting in a heeling angle of 0.13 deg
will shift 0.03m in the horizont al pl aneofwith r e
0.1 degrees wil/l not result in the maxi nguln heel

showed an increase of 30% after jacking. This me
to make sure thatmano nigntberd meaditatng ars preegui red i |
angl e small

The wind wil/ generate a heeling angle which 1inc
topside investigated, the heeling angle increasete
horizontal offset of 0. 0A8 wm nawere ead todi dliOtm/ osf wiiil fl
maxi mum heeling angle of 6 degrees after jacking
heel to compensate for the result of heeling ang
The horizontal misalignment which is caused by t
l oading is of no concern as 80mm much smaller th
The roll period of the barge increases when the

the motions of the barge wild.| be more favourabl e
the weight of the investigated topsi de.

The GZ |l ever arm increases after barge heels mor
the air.

It can be concluded that the topside can be jack
the identifieddacgenwdr mo icronclamt.erlt i s advised
as jacking increases initial ball ast errors by 23

[ not a combéed nB8puebtVebehbhdrigar gdlt

i nter mediBdbtle ah slol axatsi rag | iag gree é che d .i
increase after jacking. eklipies imeares thltyatt htehd
be | ess pafctkeerd ttdoe ettheelp fiil gbleatt. Under -bliercondi
the North Sea.

S
The stability s
a n
I
I

ns that no
| )

I

i
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1051 MPLI FLBBOVER MODELS

The difference in horizont al isntviefsftniegsasb eiddyeunstiinfg e
1D model . This approach helps understand the ini
components, such as the LMU | oads, are affected
behaviour owergattieme tios pirredesxt the behaviour of 1
Foll owing the concerns of Section 4.6 regarding
horizontal stiffness, and the LMU | oads, a si mpl
decision to use a frequempVidomgi nTheat gsubtssad
check by hand. l'ts simplicity allows for many va
investigating the sensitivitytos&lteeé pboaseoofalkhl
mati nagt ioprerwi |l | be investigated because, at this
topside and LMU are al/l in contact This means t
jacking system and DSF on the invesfangat edadbsaaasa
frequency domain calculation. The model provides
in the system. Since the model is in the frequen
| oads can @dtseod.be investi

The second stotwagr o0 ddoecsftidomtde @ls ¢ et potstphase.

about 50% of the | oad has been transferred from
of the horizontal ssemfifnessesmparibenjaokthg &9r i z
over using a DSF, a simplified model has been cr
model should also provide insight into tehe | oad
bet ween the topside and the barge. Currently, th
di fferent-ovgpeand &toat di ng-otvee(rbsh\e. @Lu i Ndoebl li en eBse nfto
2015)

l nput values for the stiffnesses and masses wil/l
the concept design of thehpaskmpfgi §ysaemoaffohat
explainedthéeghmeehbdbtterogy for calculating the mas
the di splacement of the masses anpad stihnep |sepriinmpga cftc
model will be investigated to gain inside in the
Model setup and methodol ogy

Model setup

The barge and topsi deprairreg moysed | $8do Imagd elita®dv g emarsass s
added mass aofd mashesdpwedrde mass. The system diff el
jacking system.

The figure below shows simplified model of the n
and LMU. The aprfngm mubktbpletspring which wildl
o L MU Interface spring
AN Topsides Barge
N\
Earth \
N K ™o K T

Fi g6it®i mple model of the b-toesgteeealnd t opsi de
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t he model is in 1D, surge or sway direction,
en calculated. The decision for a 1D system i s
der st armbkihmgoifiormmtenebarge topside system before
stem. The model wil!/l used the properties of th
eatstonkBagiAr &md uoo n ctehfltesu 4 Il tdbatalah efrrecanf t er, t he
ckitnegn siynsvesti gated in chapter 4 is used.

e met hodol ogy for calcul atin
stem is also a spring and th
iffness can be calcul ated.

g th
us t

e stiffness of the fjeatkehgpbhgstemannbeheonétt de
am. The wel/l known for get me not from the mec

Fi g62Fo0or get me not of cantilever bea

i ng the"Or’"@bandohhefflbrgz—eatndnerenwnrtite them into
r'm: — —

e met hodol ogy for calculating the equivalent |

uati ons.
r springs in series, we use the following forn
PP P
Q T 0
r springs in parallel we use the following for
o) T 0
e focus of the simple frequeneystdeoenha icno nctaal cctu |ps
no i mpact | oads are expected. Typically, the
rall el springs andeteartopgijde kies womn&8ctLeMd) tsg
e model is 1D these eight springs per connect.i
ring and 1 LMU spring. The =saxriisngs ddte il montghe 1
neant, stern -agi bpowi andhehéer#dnsverse direction.
st calcul ate spring stiffness i he investiga
i

t
ve to be added together to he 1 D model
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Mo d el i nput
This section summarizes the input values of the

Mass properties
The mass pswmprarti 2sd abel ow

Mass 1 consists of the mass of the barge, barge
added mass properties are obtained from-the pr o]
851 barge. The added massl|l acedepanhndrdt base¢ hpr opé
direction because the draft and wetted area of t
Tab@ldMasses used is the simple model
Name North Kasawar iWheat st gAr k uDaqi
study
Topsi de 32000 (28000 18500 38000
Barge m{168609|/1554514 133780 149968
Barge a{(3192 2712 4391 6242
mass (s
Barge a(15375 |12291 31060 32613
mass (S|
DSF Il nclud|{2500 I ncludedlncl ude
barge barge
Stiffness properties interface spring topside ba
Interface spring
Topsides _Mj\_ Barge
mo K, my
Fi g68leocation interface spring
The inter fobadudpt svgrai mmg sier i es of springs where mul"
depending on the design choices. TFhegtdbgerlionvg can
However, one or multiple components of this seri
to be the interface spring.
Topsides leg DSU DSF

Fi g64Rutiulpt typical interface spring
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Stiffness properties LMU

TOPSIDES

=

mo

Fi g65leMU spring

The stiffness of the LMU sppiwgaimsmulikpl eéhepihhg
These springs do not always have to be activatedc
possi ble combination is shown bel ow.
TOPSIDES

N

\
Earth

N

A\

Jacket LEG Elastomer TOPSIDES LEG

Fig66Ruilt up LMU spring

The cal cul ati on

The -Hovby mass spring system which has been expl a
domain to obtain the eigenfrequencies or also ca
matrix are constructed using the displacement me

\ L MU Interface spring

\ Topsides Barge
earn N/ (D (000D -

N K K

N\ 2 Mo 1 mi

Fi g6T7Tehe si mple model
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down.

ng

Gi ven

The
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bsti

usii

Whi ch

Wher e
ncomi

— -
> T
® D

S

use

get

di
di

the secon® Dawt bd fnelwltowmi wg tshyst em of equa

a m 6 Q Qo "0
m a o Q Q o T
that the barge is subjoeaAb®otto a harmonic
ve Dbbe 09y s 06 m
the general solution in the following for
60 O0AT100 -

60 65 AT100 -

tuting the solutions for u into the equati.i
54 Q 6Ai 06 OAI Vo
o) Sd T o0AlDVO T

i scriminant

0 S a Q S a Q Q

ng the hehgd salvabhbethe abc formula we obt

o] P S a Q Q
o) 0 ko) Sa
can be written in the form
0 0 1 O 7 O
o] 0 0 ] T
H is the transfer fumetweaeanofheé hamplist & die w

ng wave and the displacement of the topsid
d.

Q

o

U

o
e}

0 1

o|%ols ol ®

the di splacement per frequency for a unit

acementdo o®© 1t he barge

spl
spl acementéo o®© 1t he topsi de
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The transfer function can al so be Ac &Rlelsegpd ntslree Re s
Amplitude Operator (RAO) describes the ratio of
excitation amplitude, varying with wave frequenc
vessel behaviour inrminéetrkati stear Saae¢ efsor de bet
barge, as well as the | oad on the LMU, we need t
by cal culractei RAOG, hewhFach i nvolves multiplying the
relevant spring.

The forces are thus

Wave spectrum

As thevétons performed in the Naotrhd Bawawenfwilhle ©
have the same frequency and amplitude the entire
spectrum used for this reseasctevel tpedJONSWARES
floater installation is in the North Sea. The JOI
waves.

The spectrum i sRPG2BBrsbedi by BDNY. 5

The PMes&omwitz spectrum is given by the foll owirt

I

L
YO —2z2'021 z1 zAQ@PD :

PO

—lc

i
"Y

Then the JONSWAP spectrum i#8Moakmwdit i e@gecéer ssimoh o
developing wind generated sea state in a fetch |

Y18 2 17

Wher e:

Y o = PidMosaowitz spectrum

r = noihnhmensi onal peak shape parameter
i = Spectral wi dt h

o 8

0

T8 z 8 8
Where the average values used are
r ow,, X QENT 17 weQ mXQEN ]

With a vad®h dd=t y check
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-—- 3
o~ o
®o v
-5

onse spectrum
s also possible to get the response spectrun
response spectrum (CMas bieeca2@@l)lated accordin

Y sy &Y

Her &1i ¢ he respons®] sipsectthreu nj oannsdtwap wave spectrum

significant wave height and peak period.
The Significant Double Amplitude (SDA) can be ca
YOb 12 &

The mO'dsdehemb6ment under the graph.
Resul ts
The method of obtaining the transfer functions (
barge and topside is explained in the section ab
has provided the results in this chapter.
The model properties are split into the surge [ X
howeverNdrotrh tSieear szondtyal sensitivity is only in
based on the previous projects the sway directio
LMU and interface spring | oads.
The table below shows the mass and stiffness proc
periods in seconds.

Tab@2d nput properties

alaa Ay {eatySaa ; 9A3SyYy LISNJI

WYCKYB

Y M Y H 1 ™ 1H M H
H D2 WFEO1l /!'{9 mMyodoHn pnn Hpp H M ( o9
H D2 5{C [/ !"{9 MyodqoHAN| cnnnan HpPpP MY ¢ M P
H D2 WFEO1l /!{9 MyoqoHA CCH HpPp H N 0D
H D2 WFO1l /!{9 MyodqoHA MCAHAQ HPpPP M ¢ H®
H D2 WFEO1l /!{9 MyoqoHA HMOJ HPpPP M Qo ¢ H®
H D2 WFEO1l /!{9 MyoqoHA HCCN HpPPp MY ¢ M P
By evaluating the eigen periods it becomes <cl ear
previous projects, the second eigen period incre
| ower periods there isndithkeeeforeowoaVd éher ges
present. Around 4 seconds the wave energy i s mor
however stildl smal | .
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Il n f i-8gutrhee 6di spl acement RAO of the topside and b

with a Hs of 1.5 and a Tp of 5 till 8 seconds. T

of the topside and bargeewhisckenooghdeaaugyg I @s oh

Looking at the RAOkKkofcatske 1Quitopsi ¢aéd ear t hat t he
his

wave periods. T wi || be calculated | ater but
1.00 T/ T 0.6
u Barge Jack CASE 1
0.75 A u Topsides Jack CASE 1
u Barge DSF CASE 0.4
0.50 1 u Topsides DSF CASE
-0.2 o
0.25 A &Ul
Z <
o p 7
=2 0.004=-- = ————- 0.0 E
= &
-0.25 2
- 0.2 &
—0.50 A
- —0.4
—0.75 A
_100 T T T T T T T _06
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Period [s]

Fi g68Ri spl acement RAO of topside and barge

The response spectrum is calcud.atTeldi sbyi s hdeo mee t thy
negl edcatmpadgr gf iFisQuisdao®®s onanwhi spewhs mentioned eé¢
peak is only present for the jacking system case

rect as the LMU spring also has damping whi ch
be added twmaplhrrect the g

Force Response spectrum Topsides and barge

0.035 + —— LMU Load using Jack CASE 1
——  LMU Load using DSF CASE
0.030 1 —— LMU Load using Jack CASE 2
—— LMU Load using Jack CASE 3
0.025 1 —— LMU Load using Jack CASE 4
v
o~ —— LMU Load using Jack CASE 5
< 0.020 -
€
]
5 0.015 A
[V
0.010 -
0.005 -
0000 T T T T T
0.0 2.5 5.0 7.5 10.0 125 150 175 20.0

Period [s]

Fi g69FoOorce response spectrum LMU spring wi



For damping 2.5% of the critical damping is used
internal data. By adding dampdon @4¢9 tohde) @y uat i on o«
Solving this equation in th2 sShemeRMmMa@ninercalsculesat
By adding damping, the resonance peak flattened
This was expected because there is |little energy
absorbed by the LMU sprhag.thecl odésntg saimpfi mgs s h
|l owest peak in the response spectrum. Here the |
case has the highest stiffness. However, this is
per i osde codn dBs .
Force Response spectrum Topsides and barge
0.035 1 —— LMU Load using Jack CASE 1
LMU Load using DSF CASE
0.030 1 —— LMU Load using Jack CASE 2
—— LMU Load using Jack CASE 3
0.025 1 —— LMU Load using Jack CASE 4
w LMU Load using Jack CASE 5
™ 0.020 A
£
“10.015 A
w
0.010
0.005
0.000 T T T T T T
0.0 2.5 5.0 75 100 125 150 17.5 20.0
Period [s]
Fig6tit@orce Response spectrum LMU spring w
With the response spectrum known, the Significan
peak wave periods for a unit response.
0.40 Significant double amplitude Interface Force 0.40 Significant double amplitude LMU load
[ N— Jack CASE 1 ' ——  Jack CASE 1

0.35 " DSF CASE

["—— Jack CASE 2
T —— Jack CASE 3
—— Jack CASE 4
1 — Jack CASE 5

DSF CASE
Jack CASE 2
Jack CASE 3
Jack CASE 4
Jack CASE 5

¥

Force [mT/mT]
o
]
(=]

Force [mT/mT]
o
]
(=]

6.5 7.0 1.5

Period [s]

6.5 7.0 1.5 5.5

Period [s]

T T
5.0 5.5 6.0 8.0 6.0 8.0

Fig6it®orce response Interface & LMU
Conclusions frequency domain model
After comparing the egq2uiivtaliesntc Isetairf ftnheasts etsh eo fe qlua
stiffness of the jacking system is | ower than th
di fference varies between 6 and 18 in the most e
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ous one is that model only is a
topsi deeddme B reeas 6fdegtaésoo
the model only degree of freedo
only one is wus

t he
adegeg
one
ed.

ferent
jacket

with each
|l oading

a
on

as eight |

egs di f
et her and the t he
the individu

averaged r at

| oads on
l egs is

bet ween the
of the jacket

=]
o

e

(7]
(7]

al | t he |
ifd oladcat ed
t he

odel it is assumed that
t-overc.cuAs itnheant agdiucd
t opismplee imode®lt. i ncl uded i n

@ D

m
Y
he

considered in the
ty it is determined

ies are
re in re
mpressed.

not simpl e
e al i via a8
o]

buil't
| ocal h

to be
t he

has
uat e

mo d e |
to eval

domai n
ss and

er f

reqguency
al stiffne

gstteeeell Si mpl e i

b etfeotreee It oplsa e lof t he fl oat
l eg and the LMU. The on
model t o gai n siynsstiedne. I t

mpact model

ver operatio
hat occur s

aviour of

ove
e c tact t
n he beh
and topside are modell ed as
at HMC an(dYoacwumg bMy urmreg dCh ani ,t hz
een shown to be valid as prove
king system since the stiffnes
isi dsee dbtairgre 6 .n% .0 3 pMoi tbtoidn ¢ st ke

in a different behaviour.

6.1
Usii
can

section
be used.
topsi de

motions set
erent met hod
masses barge

up i n
mu st
and

ar

ng
be

o S

em a i
on of t

o —~

e
t h
p |

47



Interface spring

cor IR - L M

Figeit®Bketch of model before i mpact

The state vari abi emhogho
And its derivat idv eohohwh

a a

a a .

: Q  Q

o o —a
_a _a

Q0 Q)

a ——a —a
(o (o

With k and m ferdemfit hedi masectesn

Now only the initial conditions need to be defin
Starting with zero displacement because it is as
velocity starts with an assumption which wil!/ b e
a computer program has been done.

The initial conditions are:

W T

W ™M

w muafimax velocity

w ™uilZimax velocity

Interface spring
LMU

Topsides Barge
Earth | )‘\_ Jmﬁ\“
K ma Ky my

,|

u
2 Uy

Figeit&ketch of time domain model
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| Fi g&tXr4et can be seen that while the barge and to
di spl acement of the barge | ags behind the topsio
linked to the LMU | oad meaninlgl ar ¢ auigteri wi & pll arceg
It can be seen that the max displacement of the
that the LMU wil!/ be |l oaded multiple times. It n
the topsideaagertanmabasi an interface spring in
201 Displacement topsides
Displacement barge
1519 —— Relative displacement
‘T 1.0
=
£ 0.5
Q
()
{18}
a 0.0
0
)
—0.5 4
-1.0 /\
0 2 4 6 8 10 12 14
time [s]
Fig6t&€l ot of displacements when a jacking
When the interface spring is changed to a higher
system changes noticeably. The maxi mum di spl acen
the LMU and the displacemantrecui van.cHomwge emycth hr
di spl acement of the barge and topside reduces wh
relative displ aecxeinsetnetn twoiufl dt hbee sntoinf f ness were se
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—— Displacement topsides
1.5 1 Displacement barge
—— Relative displacement
1.0 4
E
2 0.51
]
£
9 0.0
{1}
o
A —0.54
_1.0-
—1.5 A
0 2 4 6 8 10 12 14
time [s]
Figeit®l ot of displacements if a DSF with
Conclusions and | imitations on i mpact model
The relative displacement of the topsides is | ar
t he LMU wil!| be | ower for a |l ess stiff system r e
|l oads. The displacemanlteosd dthieffbasyet ém Whirgkr mé
surge/ sway fenders are |ikely higher A | ess sti
negative displacement in the axis system. This n
tmes i mpacted for a soft system.
The simple time domain model has mul tiple | imitea
6. 6. These are: the stiffness of the LMU is 1|ine
compression of the LMU i ntios aicrc olub tr. atFluert htelrano r F
the model is built on an initial wvelocity which
Di scussi on
Based on the sfoiltl owdamgbesecdanolnuded t hat the stif
in |l ower LMU | oads and hitgherefifndcetr fafc et He aldesr. i #F
the interface spring on the eigen periods is knoc
the 3D model of the next chapters.
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7.

0O 3IFLOAOVERMODEL FREQUENCY DOMAI N

This chapter 3@modeldeusscerd bteo tfhuert her i nvestigate
investigation is | imitedoverr drhareat iddrms tu sicrntg stthaea
This includes the womaki mg st dge ndrlEd fidgu ieixibpel ati ne
Thereahteanal ysis is discussed and the results a
Finally, the | imitations of the frequency domai n
resul ts

The research will focus on these three distinct
guestion on how the | aecokvienrg sTyhset edno cikn fnlgu esnt caegse tih
duringowerf |l omawever this is not affected by wusing
therefore not be investigated in this research.
I't should be noted that a frequency analysis doe
as estadve¢B®iheéniowever, it can be usedand giwuvey tF
the eigenTlpeseée oalisgen periods in combination with
changes i n Hooeedtheerejs ® © knis efgu llplehyamed eclalned i n the fre
because nonlinearities arephaseasansdgi ghuBi taptr as
accur at e

The investigated stages are the following and wi
A The jacking stages

A Mating besSorelsteel

A Mating afstteerelst eel

Liftdyn

TheD fdweaddel isliirfna/vdhgcnhanisinternal t ool created b
for resolving equations of motion in the frequer
comprising rigid bodies interconnected or anchor
formpofi ngs, dampers, or hinges. Although both M(
within Heer ema, Liftdyn stands out as the prefer
domain and its simplicity. Thgeuameitohnosd oolfo gnyo tLiiofntsd

same manChearpaesi ssi ndescri bed which makes a good ex

The freqguency domain model in section 6.0 was in
meaning that for a barge and topside there are a
number of degrees of fr eeedosm mpl evinhdd erle.moAsse elxipmi
section above, |iftdyn has the possibility to pe
considering in all degrees of freedom. As the ba
motions isatbakecount by Il iftdyn trough the stanc
|l ocation of the topside is also added to the mod
liftdyn is in the frequency idcdkmaiomp airtedmadloed i anel
solutions which take up to seven hours to compl e
sensitivity checks and changes. The I iftdyn mode
section 6.5tedtt sdtoull idf by mosol ves Jlimearieqgqest i
not included in the model

Mo d e | i nput

This section wild.l describe the input valwues for
t hNeor t h Seancd ptdwa l mating anal ysi s. | mportant de
explained in this section. The remaining part of
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Coordinate system
As the mating operations is built with three con
own coordinate system an overview with the posit
Tab#dl€oordi nate system overview
AXxes sy|xaxis y-aXxi s zaxi s
Gl obal CL jacket tdCL jacket towaMSL upward
three
Local BICL barge toVvCL barge towar/ Keel upwar
Local T|/Row two towagCL re&wthwards | LAT+21. 5m
bow
Lacal Urigin TUI:SiEE& G 11500 B0 33000 (’[ 1500 JSDIS'J'U(YA)
® ® ®\, ®© ® @ [E—=w” I = iy
13500 rldDLD LUUJS(SUU 19500 | 18000 16250 ..- I-.“{"J
4500 26290 8750 % _,‘E 1
% 1@ 65000 EL+76:500_(HELIDECK) ‘_;&5_,” = % ¥
v EL.66500 (OECK W | [
EL-£0.000 (DECK &) T -y 650
EL+&7000 |DECK 5) | 12000
|_y ELo£0 100 DECK & :__ _j__]___'__ > Egg:
) RET e
1 I_~—"'.II LT
E BL300 Local origin Topsides ' 71500
EL+0,000 = LAT I ~—-i§| - |
N 28230 N 364250 i
M
Fi gudtleocati on CoG Topside
152500 60000 _
iR
bbb ‘Jgf;p'_‘o"o"o"o'u‘a"a:o"n”n'u::::::::::::::'w
Hinsesesas H | e B
Fi gud2Rarge coordinate system with jacks
Bar g-85 H
As explained above, the analysis is split into t
for docking the jacket sl ot while having enough
The first stage of h ewemaet iOn gt oo p4e9r% toifo nt hhea st ogp sdir
occur. The second stage of the mating operation
The draft of the barge is based on the values us
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ental conditions

toperation is planned to be executed bet
e b e eNwo rptrho vSiedae ds thoyel yifhod | owi ng mont hs hav
e below. As the |jab&kinhhg Sgatsmidpoecep@ant.i
with the desi gn-osveear sitnastteasl |tahta to na rwa tuhs ead
e comparisons between the jacking systen

Tab#d2dbesi gn Sea states

Directi on Waves
[ deg] Hs Tp
[ m] [ s]
195, 345 2.4 5, 6, 1
225, 315 2.0 5, 6, 1
270 1.725 7
1.0 8

"The sea state of Hs=1.25 for a heading of 27C¢

345 315 270 225 195

QUARTERING BEAM
FOLLOWING BOW
\ . 5
HEAD

152500

FiguB8wWave directions and LMU |l ocations with

Hydrodynamic properties

A diffraction analysis wil!/ be perB86imedttranclkt a
exit draught The hydrodynamic databases wil |l b e
contain added mass, potemrmtoinall odampi wavand ofricr s1tg
the wave frequency. WAMI T, which stands for " Wayv
devel oped by the Massachusetts I nstitute of Tech
of fshore engbnéeri hbeiadasysie of floating struc
waves

For the hydrodynamic analysis, the jacket wil/|l b
columns are minor co@&mphretdheohydydmedgnamisc odatHa b
for the three draft cases of 8. 7m, 11.3m and 12.

Experi ment al85dathasobobtivmé Hhaltcul at ed damping in
accur aftceda nMiphieng val ues must be corrected accordi
the damping |isted in the table bel ow.
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Tabd3orrected damp8,mlgy values of H

Val ue Uni t
Surge 1.2 * 10 k Ns/ m
Sway 1.5 * 10 k Ns/ m
Rol | 5.4 *10n7 kNms/rad
Yaw 5.7 * 10 kNms/r ad
In the |Iiftdyn model the mooring arrangement i s
matrix. Along the di agesadl Theolitodil mwieagl ivatl iue sn
freleoating barge it needs to be moored. Previous
that a simple mooring line with the following pr
Tab#d4Mooring | ine properties
Location al Val ue Uni t
® 100 k N/ m
@ 100 k N/ m
® 100000 kNm/r ad
Topside properties
The topside is modelled as a recsgantgiudmr Dl wor
topside stiffness is not used in this model as t
beams instead of its support. The Topside | egs a
the el evati en odf tthhee twmddrdsei d n t he model

Tabd5dopsi de properties

Uni ts|Topsi dg¢
Ma s s [ mT] 32,000
CoG X [ m] 99.55
CoG Y [ m] 301. 42
CoG Z [ m] 42. 44
Ro GxxK [ m] 34. 2
Ro Gy K [ m] 26. 9
Ro G;:K [ m] 37. 7

Vertical -axtiisf)f ness (Z

The vertical stiffness of the topside has been g
applying a wudniirtecltoiaodn ,i nt htehsee zI egs def potrhme by wusin
stiffness al ong Tthhei ss taixfifsn eisss diest esrpneicniefd.ed f or t
jacking system does not use these supports but i
topside Therefore, the equivalent etdiffThessibtor
done by summing the stiffness of the eight suppo
means that there is no difference in stiffness i
DSU

Vertical DSAKk isst)i ffness (Z

For the I|liftdyn model the following assumptions
fromNdrhteh Seal hset bbdaysi s of d ensaixg nrmuhma sc 08mpD Slsbssi owni toh
and a maximum | oad of 2000mT for all supports. T
on the DSF supports befqgaelitmeamadpmigng Baase db @an
Whi ch has been recalculated to accommodate the E
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Hori zont al DSU stiffness:

No concept design is available yet for the horiz
the horizontal stiffness will not be considered.
Jacking system properties

For the jacking system the base case scenari o i s
meters and a wall thickness of 50mm. The hori zon
6. 1. The vertical sti fpfaled s us emdotwhusdd i Begaumee ¢
| ower The connection to deck is assumed to be f
this research this is neglected. The stiffness o
jack stiffness. However, by varying the jack sti
Di fferences in the rows are not considered and h
LMU properties

The desi grmNobrrtihe fSppmb jsetued ypr oposes t he f dlhleowi ng ¢
LMU wi || have a maximum compression of 500mm and
|l egs and 2600mT for the inner | egs. The LMU has
transver selThendt ivfefrreaxsalaf the LMU is not l i near
|l inear stiffness. Therefor e, the stiffness of th
Jacket

The stiffness of the jacket | egs has been provi o
stiffness of the jacket |l egs in horizontal direc
before steel to steeldidrnderafntcer bsett evele nt d hetseee Ip.h ;
steel the jacket |l egs work independently and aft
The stiffness pr Apgeratcihenendcarl he fftdymd iinput

I nterface spring

This spring i s6e2npdl aniindd bien esqeucatli amo t he hori zon
caddis ommudidnde the jacki ngdepermhbaenttbe Téhheal PSFs . T
vertical stiffness of the interface spring wild.l
section.

LMU spring

This spring is a6b.sammdexplldi mhed tihre s<eombiionmti on of
LMU and topside |l eg both for the vertical and ha
The | cking stage

Thi s tage is assufmeckrt o ota@atatonsad tatr taheé ftlheatma
the barge and before the docking starts. This en
The aim of this stage is to gain insight into tFh
wi || be done foofthkeedHNsiwthh cSearst sathenslari zed i n
Design Sea states. For the environment al condi ti
with a peak period up to 8 seconds as is compare
the compseteatoh in chapter 2. This wild/l be done f
and for four other stiffness variations This i s
knowl edge in case the design needs to be changed
In the jacking stage, the model i's made with the
| argest el evation as the highest | oads wil/l occu
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Fi gu4\wi sualization of jacking stage mc
First the model is run with a fi xEBd si nitserefgaucael stp
analwhseirse the topside is placed on a DSF. The fi
the model which can be checked via the hand cal c
with a stiffness relationlbethwe¢gmckheagbayge eannd T
relations follow from the horizontal stiffness o
DSU. The | oads wil/|l be calculated using the acce
secondhmotdehds are extracted from the model at t
with the .t olphseisdee |@oa@ s on top of the jacks are ¢
wire of h :

Fi gidb\wi sual a tomsi derdmr bhe §ea(study)

For the jacking stage a draft of 8.7m is used as
above the jacket in the docking stage.
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Tab#d6adacking system stiffness cases (Il nt

Casq{ Stiffned X (JackyY (Jac Z (DSU o
00 (MiS¥ed i nf i nf i nf

01 (BaXka&x ks 10202 10202 14889

02 20202 20202 14889

03 30202 30202 14889

04 40202 40202 14889

05 50202 50202 14889

Resul ts
Before runni ngnotdlee shap est atr anod dtah ehteH gt sedk.p | Tah ens ea n
validate the results. As mentioned above the mod
checked with a hand calculation as it is just a
mode shap®sgi Tabl gphe®d mdbdeaicntead wi th the frequenc)
cases where a stiffness relation between the top
because the barge hasl6.DBbwevamd the Wdomsindetas
barge can stil]l be seen. A selection of mode can
be found in Attachment 4 Results Liftdyn Jacking
Tabd7ode Shapes for the jacking stag:t
Period [ s]
Mode SsDominant DSF Cas Jacking|(Jacking
(fixed c

1 YAW 559. 98 477 . 8¢ 477 . 3

2 SWAY 255. 74 254 . 0 ¢ 254.0

3 SURGE 226. 15 226 . 1" 226. 1

4 ROLL 15. 77 15. 68 15. 66

5 HEAVE 10.57 10. 57 10.57

6 PI TCH 9. 24 9. 27 9. 27

7 2. 33 2.20

8 2. 23 2.03

9 2.03 1.17

10 1.17 1.01

11 1.03 0. 49

12 0.91 0.41
Froimb7i7ét i s clear that tshefpehicodaeki nge calsasgs

much hdritsentfdiness changes. This does make sense
caused by the movement of the barge. I't i s also
degree of freedom change more thhhowdet heabatgei
rotate with respect to the arge however this 1in
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10N

Figi6Mode shape 4 with dominant moti on

100

Fi gurlehe mode shape 6 with dominant moti

From | iftdyn the following results are obtained
Longitudinal direction (Xusa&md gtehhe tthrean ou el s éh od ii
the jack in any direction. The forces of the ingc
max i munholroiczaolnt al f or ce biy c¢ &l c@. aTlids aiss ftoh é omas>
horizontal force on any jack in any direction. T

maxi mum horizont al design | oad of 31 mT.
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Tab#8Maxi mum horizont al l oad on a single Jac
I ncoming wave heading in
195 345 | 210 | 315 | 270
Case 9 13 13 18 22
Case 8 12 13 19 21
Case 7 12 15 20 21
Case 7 12 17 22 22
Case 8 12 19 214 22
The maxi mum | ocafm bkomniisernfjoalnidf @imise i s for the |
case (casel) and under 270 degree incoming waves
desiMgani ngdthatngheystem of therjablks hagheuf Sied
could be an option for jacking.
The design was based on a gl obal horizont al | oadc
topside weight. To make a compgamahloon zwiratttla Itthheo aas

i nt eird axlesot oamakkatdso mmga rt iheo mhaoxri imduanr tt aelc & 6

cal cul atgd otblmd i zonhahl

fogd olbb@e s bbb hbs@d ¥uar tet at

ppuWUYThis resudltabadn zaonttatlalf or ce—eApTha bodt al sy
the topside weight. This found by calculation th
explained above. When the | ocal mkornibmadnizaht bAbads
force is only 832mT which iis equal to 2.6% of th
Further investigatiaoinviedongat bh heraidp eqtual il yn otvleat
is not rightAsastaddesi gotl tate the | oad differer
bel ow visualises the di fffer elnda mdosagless el (n2 tthe | ack
Fh per jack
® Fh q
20 L
%18- L
2 .
Elﬁﬁ
g [ J
[ ]
L ]
14 4
L ]
[ ]
b ®
é 4 6 8 1'0 1'2
Jack nr
Fi gu8ori zonboalj aoksd i n -dceogweleheeadi ag2(0Gase 1)
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ri'y shows that the | ocal l oad on t
he mode shdmpas tthh st waawes ali Intelcd i loms
he barcgeenamaet st s eant hend oiptss de i s no
e rotation of the topside is not equal
bet ween the topside and barge results i
he connection between the bar the tops

cl ea
by t
t

3~ omo -+
OO0 9 T X T
O+ TSQT O
:(DCD'O
8_—:0.:

(9]

o e N —
w”@—*‘mo

r—g 0 — -
DO KB 55D

o >

i
W

mp a g rt&aenki g9 iet can be concluded that the ma
er wil |l result in a less distributed | oadin
ere |l ess distributed means a higher differe
nHiagctlFeth as di f f erle.h7feeweéenf abEibognxhears jaad ks,d
réemeeweénlt he outer jacks. This is because
roni zed wit h atnhde trhoet aetiigoemn opfe rtihoed boafr ggehi s m
re into .t he cwdvaes hanpe ztarusw! retsiuflftrsedssn a hi g
ng system for the investigated cases. This

——waoosunuw
O T T T
5 —h e+ g =
~30"0g™o
oSO D o

(¢}

Fh per jack

20+

18 A

16 -

Max interface force [mT]
L

12 4 *

Jack nr

Fi gid9Hori zonoalj Aokhd i n -deogmvelshee ad(i mage 05)

A summary of the horizont al |l oads on the system
Tab#9%iori zont al | oads on driving syste

Dr aft Ma xi mu Totsalmmedodr i zdq Max | ocal
|l ocal l oad at in j acks
hori zon
Case mT mT % of t mT % of
wei gh topsi
wei g
Jacki 22 832 2.6 1145 3. 6%
syste
DSF 1
Desi gr 3
b

*Equal di stri

4 728 2.3 N. A. N. A
1 1600 5 1600 5

ution assumed
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7.

4 Mating before steel t

t eel

0O s

into the jacket sl ot as Vi s
and jacket startsabghbdd bfwtet ioTWihpe t fillso dstpld ge&¢ t ot 0o
percentage of | oadtsteesfantebkciedrbdhese setce élon
t he betftosrtee eslt epecnnase which is from O to 50% | oad

After barge is moved

Figuit@®&isualization of the fbraornge hien MNofye hj aScekae ts tsul

For the betered Ppthasle t he exi sting model of the |
(points of interest) at the | ocation of the tops
11. 3m

The aim of the model bbaviodgmtacta fl ioragts e@at it hat 4 |
are not modelled as liftdyn is a frequency domai
calcul ated directdfy.t Ho wiravtealy ¢ @ama dees thiymausei ng t he
POl 6s and post process this to a | oad on the LML

Figut®isualization of the | iftdyn model b
I n this stage the supports of the topside above
are used to extract the veloci &gt bdtirhaet bienspea cpto ionnt s
LMU. The same stiffness rel ati omhabbléa rwe enns @ ch ef drop
BSTS anal ysi s.

61



Tab#dleMode shapes-tBefeede steel

Period [ s]
Mode s/ Dominant| Fi xed Jacking|Jacking
1 YAW 690. 8 653. 64 653.6
2 SWAY 319. 2 312. 7€ 312. 7
3 SURGE 262. 8 262. 8¢ 262. 8
4 ROLL 28. 18 17. 45 17. 414
5 HEAVE 11. 25 11. 90 11. 90
6 PI' TCH 3.20 9. 74 9.75
7 2. 38 2. 24
8 2.26 2.14
9 2.14 1.19
10 1.19 1.02
11 1.06 0.51
12 1.01 0. 46

Resul ts

The results of the forces on the jacking system
Attachment 5 Liftdyn. rlersailmasx iBmrudmrleocaleelortioz ertte
system before contact were overal/l 10% $ ower acr
di spl aytd bewew. ¢ opact avbrirecause the model i s al
j acki n(gs escttaioert e pt for the deeper draft,11.3m ins
POl 6s did not change significantly during the st
if the stiffness iTher aadeodiwiyt h sa nfodctusre df itwe .cal
section.

The table below shows the max hori zonfTab7l9eoads ¢

Hori zont al l oads on driving system
Tab#dleHori zont al l oads on driving system |
Draft Maxi mu Tot al horiz| Max | ocal
11. 3n |l ocal interfac j acks
hori zon
mT mT % of t mT % of
wei gh topsi
wei g
Jacki 21 801 2.5 1092 3.4
syste
DSF (f 13 676 2.1 N. A. N. A
Desi grn 31 1600 5 1600 5
*Equal distribution assumed

The maxi mum aveseadet el @ict ¢iyat e t he time domain
before the sliefedr @ haatseeeli s highly nonlinear and wi
domain model in chapter 8.
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Mating at#seeebteel

This stage starts after 50% of the topside weigh
mo d el as thefeelke amedethe jacking stage is used bu
is expanded even more by connecting the topside
relation represents the LMU ast o xtpheaienaerdt h.n Tchhea p

made -tsateeedl contact with the jacket therefore ar
the frequency domain solver sufficient. The aim
jacket |l egs and to extractthéd hteod sviaddes and tthlhee cjoanm
analysis is done for the same three sSlad/éet at es a2

Figu@t®&i sualization of the |iftdyn mode
As this stage focuses on the mating after 50% | ¢
8 LMUG6s i—s—ezuumabl ¢ m@filY pweQUpr et ensi on in the LMU®b6s
direction. With the LMU modell ed as a vertical s
becomed nOtHhms stage the barge is ballasted to a
topside supports are removed because the there &
of these points is no |l ongee hegdade adldededMHEs jaa
vertical, horizontal, and transverse stiffness

Resul ts
The period of the pitch motion does not change v

sense and is |l ogical since it does not affect th

Tab#leMode shape after steel to steel
Mode s Domi nant Period [ s]
Case 0 |Casce Case f
1 YAW 6.95(h| 23. 2 16. 75
2 PI TCH 5. 77 12. 2 12.22
3 ROLL 4.50 (9 5.097 5.63
4 HEAVE 3.22 (| 5.7H% 5.57
5 SURGE 1.02(P 5. 117 4.63
6 SWAY 0.03 3. 31 3.15
7 2. 0( 1.85
8 1.6 1.59
9 1. 3¢ 1.04
10 1. 04 0.89
11 0. 9( 0.48
12 0. 8¢ 0.47

I't should be noted that the mode shapesewittitont he
6.BAhe mode shapes | ower than 2 seconds will not
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energy in the wave spectrum. The AllLashmantobfs o
Liftdyn resul t3h@axemusmoireal tlooa@nd eedidarti vdeieen t he
tesp de and bargew.are displayed bel
Tab7leMaxi mum interface spring | oads [ m
CK KSI| CK KSI| CK KSI| CK KSI| CK KSI

M dp onp HMAN oMp HT N
/ I &¢ non TT p N T H M1 H
/ I &¢ nT TP cc y n MM @
/ I &¢ po TP Ty y p MHY
/ I &¢ P T TP y p y o MO N
/ I &¢ p TP hn M MM O

As bhheejaaking spéstembdgéeeggdl tthe amaxe mume | oc al
horizontal force of 102mT i s Thoiusndi sf olrowe rwatvhea nh e
considered 123mT in the concept design. However,
and only for comparison

Usi rrgortchl mahxiicnhum s cal c@| atOe dOansd fnoulltoiwsl:yi ng i t

number of jaclgd ofbbemdubkbatah &otoetabn t hEhjacksng
equatl—t+opninp@PbPof the topside weight. This is bas

x direction and in y direction and taking super
force is calculated based on t he stuonpsoifd et hwee il gohcta
This is because as found in the jacking case t he

rows and col umns.

gure below are the mhmaxi memtsfdadtricveist yi nc axs
d. The sides which encounter the waves fir
ing waves than for head waves. This can be
at fact tmaet moale péarnipeds WROLL,a HEAVE AND S
within the high energy range of a wave wit
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T600

l, T-500

Figutaax Fx for wave heading 315deg per

The differenckef magé mowmet ot larhi miomu rd oaerso isrthd wa aj ac k
cadd)is is because the barge still wants to roll

the LMUG6s shifting its centre of rotation for pi
rotation centre which iasndbethwe emi dtdH ee e n ttrhee dafo pt
Fh per jack
® Fh q
90 4 [ ]
EBO- *
2 .
E?O-
£ (]
2
[ ]
60
b L ]
[ ] [ ]
504 L ® e

Jack nr

Figutélaxi mhmoFce in the interface spring for

Il ncreasing the horizontal stiffnesshiofft tihe tmiter
mi dpoint. This point could be referred to as a t
| eadshet meed O increas¢elhtitee stharfitz d mt @lordd soing rc eln

t
in a moving visualisAs$kemntcho fiwlt ehheis $f ii fcosrhs noendlee s h a p
f ouinfdi g+t &
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120 1

-
1=}
S

@
=1

Max interface force [mT]

60 1

Fh

2

4

10 12

Jack nr

FiguaiéMaxi mum hfwaale B n the interface spring for
High stiffnes:
Low Stiffness
Fi gut&ketshcihf t teonrtsrieon
L MU
The results of the horizont al LMU | oads are dispgp
Tab7dledA MU | oads i n [ mT]

CK KSI| CK KSI| CK KSI CK KSI CK KSI

M p onp HMAN oMp HT N
/I &s M 00 H N on pp
/I &s H H no ocC py nn
/I as H H np p M TN nT
/I as HO np cn TP nog
/I as H N nn cn TT P H
/I &s H N nn CT TYy pp
For case one the | oads on the LMU are | ower in a
jacking system will increase the |fooard sb eoanm twvhaev eLsN
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A summary of the maoxni muhteel é ta v eoepnstinad e A omgdes
d

i splayé&debgloaant al | oad is calculated to compar
TabdledHor i zont al | ofa dso posn dieygtSArdda chear g e
Draft |[Maxi mum | dTotsaulmmeodr i zont/Max | oca
12. 05nhorizontallinterface number o
Head| mT Head mT % of mT % of
topsi tops
wei gh wei @
Jackin270 102 345 3544|111 530416.5
systern
DSF(f'iIN. A |31 270 2965|9 N. A[N. A
Desi gnN. A [123 N. A |[N. A. [N. A 640020
*Equal distribution assumed

Conclusions and i mitations

I
The jacking stage
The horizont al design |l oad for the driving syste&e
analysis showed that the total horizonal l oad on
mul tiplied by the total cesmber aotojfatkdorThioantal
topside weight if the sum of the | ocal hori zont s
hori msemtsdlti vity cases showed that increasing thi
i nceedatshe horizont al l oads on the jacking systen
The | inear model can be regarded as sufficiently
systeml asean behaviour of the interface spring i
al so means that the | inearised waves canh be rega

barge and structures. And bobhual Foadtbft 22mtTepéan
design |joadkifroglrdywenmgmsystem.

Before steel to steel

The model being the same as the jacking stage an
the jacking system decreased compared to the pre
|l eg decreased if the hystemntatreaséliness of the
The i mpact | oads on ttheet eLeMU Opsh a sne tahree bsetfiolrle uwsntkere
before damkeywecalactul ated in a time domain analysis
be not governing because ddwl ¢ obhmpThisginami mwmce o
compression force on the LMU isteta¢elul phasdei n se
Furthermor e, nonlinear behaviour of the LMU spr
or over estimads.on of the LMU | oa

After steel to steel

Thelb@alori zont al |l oad for the jacking system was
weight i f the | ocal maxi mum horizont al |l oad was
sum of the | ocal horizontahthbatsesadest| Lé&th boh ah
wei Ahnht erfeisntdiinhgg tceernstiroen e mlt d i@dse d rhifi hs utehheo & ld

| oadsj am.kt he

A Il ower stiffness of the jacking system resulted
| ower | oads on the LMU. This was in |ine with th
section 6.5 suggested teldati na as tmafrfge majl ad loiweg 3 yd
addition of more degrees of freedom gave insight
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an unknown in the hand calculation. Wi th the sin
sway direction ofshtolwedbar glecwaasecomne. nlatt ur al pert
comparing the DSF to a jacking system. The same
this chapter.

The analysis is done for only one d+#aftteetheani ng
phase. -ITimeearomehavi our of the LMU is not taken
over estimation of the LBMUnbwaeffEBEaotthel momeopr eh
meaning that -ltihreeasrysitMas dise,noh001) this al so mea
resul tsyimmertan ¢ +othieams tiMesncannot be solved in
eval uattiemde idhiomai n model . As the I|literature study
occur duringtdeatheebeplbase stleedtef ore only this pha
domai n.

Di scussi on

It can be concluded that the jackliondaelitagrtali n t
design | oads are | ower than those considered in
can be i.nvestigated

For the mating phase, the interface | oads were f
DSF. The higher interface | oads are a result of
topside caused by a c¢hanTghei si nc heai nggeen cpaeursi eosd so uotf ot
The LMU | oads are | ower for a jacking system con
maxi mum di spl acement of the topsides being a res
Il ncreasing the stiffness of the jacking system i
the out of phase behaviour remainedi pteséniwhi €Thi
movement of the barge and topsides synchronised,
Passing this turnover point sets a trend of decr
be concluded that early assessment of the eigen
purposes, it is cruciealt utron odveetre rpnoii meg whhiec hs yssitdeem
relationship between stiffness and interface | oa
turnover point

An interesting finding is the presence of a tors
the barge, causing a difference in horizontal i n
t owar d Mdree bmomcur ate | oads of a matingianal ysis
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8.

0O 3001 ME DOMAIOMNWOVERODEL

To make the study -o¥erma marc&ki aghnsiysttemf dd oiatts i nt
i nt e(rcfoancnee citdeo nandmptsabt i) | oads need to be deter mi
achieved t-domagh anal ynei s Tfhawse dtehidsi mibgt e gpmpd s &m
aNy M.

Il nh&pter 7 t-hetbefopbastewhs touched upon and an
domain solver. Hotwetveel phasbébeifovriei ghlelnonlinea
t herefor s this phase ainmd ysemaiim soltvienre uwsoemh i
Anot her ion was Orcafl ex, however within the
was avai l-eveegardi ngesdéoptograms. Since they
choi ce waAsNynsa dwe sfionrc e-opvreav ihcawse fbleceant anal ysed i n
therefore previous float overs could be used as

ol v
e i
opt
| ab

aNySIM all ows engineers and naval architects to
seakeeping, manoeuvring, and structural analysi s
marine structures wil/ beneaves.i n di fferent marit
The aim of the model is to anal yme etrhe Tihnfsl uesnda
varying the stiffness of the interface spring. A
fenders and interf aocceesssperdi.ng (Joint) are post pr
8. 1ll nput

The I nput for the ANySI M model i's more detailed
requires a more detailed mooring analysis and su

r
time the draft has to change as well

Mooring analysis
The mooring |line arrangement is added in more de
should prevent the barge from rotating in the | a
the LMUs on the | acketl.edTidesa umaoloirn exd@od |hienrees tahree enic
as a table taking the nonlinear behaviour of the
an initial pretension is present in the cabl e wh

\_ .ll /’f

| /

- i
O i : T~
@ O qf \ —
APPROX Lwroo ( | \ e T
II \ )
/o \
Fig8itMooring |l ine arrangement

Fender s
The jacket and barge are a tight fit through fen
the jacket slot. The fenders are modell ed with v
effects of the fendecsobpnthhei mgtbagganabkpdes in
Further molriene a hiet in@e®n are incorporated via a comp
the analysis is bHasesadtoontcarvempfeo®m answay fer
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Analy

swmaeynrf enddrf snelsave Hy snem ¢
oading and the unloadi n;q
i cal | oad curve. The fen
ding / unloading curve f

ooaserf |l padj ect. The-l
rs i smocoekioddgdd eby
be applied as a typ
ness to get the | oa

unction of a LMU is dampening the impact | o
a nonlinear compression curve which is diff
in chapter 7. Furtheahmoirse,eccuadlMU ol Xx.05% acsf o
ng based on previous projects within the co
nterface spring is modelled aNortilgh$eaqg osinud
revious projects. The joint has a stiffness
ermore, a bilinear damping is used. For the
he jack stiffnessefcabesjackhkeisecakdul dhedds
|l ation is explained in section 8.2 bel ow.
st

mating operation spans the | oad transfer fron
by a force series that after a calcul ated a
before hand and | inearised for model i nput.
S i

Fi g82fNYySI M model visual

e conventi oniant ewrafya od anordred d ti ingn tbhet ween t h
ontal W/imfinesaspplfi ddl@Per I nterface spring
dy clear that the horizontal °®smiaffieess usin

ne individual jack a horizontal stiffness o
ness for eight jackwowanduditvipdeg bwnisi glhitmbe
ness i s used si nkcse ipsl ansati cwadnetf eodr neast i doenf ocorf mat
f I'ife. This results faoar athbe¢i & fedlgghsti g faacgkaE A
sed. aNySIM uses newtons so the stiffness f
nies% d ®l1a0r ger
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Tab8ldHori zont al stiffness cases

CASE|STI FFNESS ( STI FFNESS QTOTAL (81J

DSF 1*1°% 1*1° 8*10"1(

J ACK]| 6.6 "* 1 6.6 '* 10 5.38* 1

J ACK] 13.17 * 1 13.17 * 1 1.0°9%9* 1

J ACK] 19. 67 * 1 19. 67 * 1 1.6 °9* 1

JACK]| 26. 17 * 1 26. 17 * 1 2.0°* 1

J ACK] 32.67 * 1 32.67 * 1 2.6 °* 1
For every sensitivity Tad82m rteh eu seerdv.i rlan mehmotud Ild daes

significant wave ddognmpa riesd rteovap ekeaghil gye shf bFr mad by
company and alternative float owwertifed MNodgs hi Bea@ah
st wdy | be ipmeref oONOometch Sea where these sea states
based on a weather assessment done by the compan

Tab82Environmental <cases

case n see Hs sw Tp swDirecti gammg

SS04 10 2.4 8 195 3.3

SS08 10 2. 4 8 345 3.3

SS12 10 2.00 8 225 3.3

SS16 10 2.00 8 315 3.3

SS17 10 1.25 7 270 3.3

SS18 10 1.00 8 270 3.3
Resul ts
The results of the time domain simulation are pr
to reduce the calculation time the jacking syste
frequency domain it was done with 52 springs.
I nterface spring (Load on jacking system or SF)
| mab2tldhe force in the joint (lIlnterface sprlng) k
time domain the same trends as in the frequency
l oad is significanstawns It drege efdeort dhlelra dji ancakviemsg d cha
reducti dam isn glna afdesd d retstf ¢gra ctkH e grsesdaubcatti aarheof f or c e
becomeasf tlears dXfanske3sd CK4TJhe results in the time doma
for following waves as for head waves. This was
domain anal ysitse toee It hpeh aa&f.g5eirn ssteecetli on
The maxi mum tot al horicadmtudlat i @mnd d lieadx r daxlu ¢tawnlada tFeya
force however these forces do not have to have t
The maxi mum horizontal force per spring is calcu
are combined in ®heOf 6Ot bhevi hgr ecnaninerany directio

relative displacement between the topside and ba
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Tab8&3Maxi mum | ocal horizont al force
Hs 2.40 2.4 2.0Q0 2.00 1. 25 1. 0
Tp 8.0 8.0 8.0 8.0 7.0 8.0
Headi 195d| 345d| 225d| 315d| 270d| 270d
DSF 1591 1880 1018 1093 1288 1476
JACK 1242 1824 771 1096 920 1070
JACK] 1352 1863 936 1128 1058 1183
JACK 1389 1800 911 1100 1145 1374
JACK4{ 1381 2016 866 1113 1179 1354
JACKY} 1471 1988 937 1092 1079 1391
*To comparezoheal | oads of this figure with the figures
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Tab84Maxi mum hori zontalLMUJompressi on

2. 4 2. 1.1 1.
8 . 8 . 7. 8.
3450 315q 270q 270q

Hs
Tp
He ad

5{C Hp Mop Mysnad MTQp
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W'Y mMpog HpT yy MOJl MMC MMT
W'Y mMpcg HmMAa wmMAam Momn MOT MOp
WL/ MTAd HMd Mapg Moy Mpcg wMpp
W' /Y wmMpy Hpp dbp MO/l MNP MCH
W'Y MTO HpCE ™MAcC MHP MOJ MCT
For beam waves a | ower stiffness resulted in sigd
For other cases, the difference in horizont al f o
significant as can be seen in the table above hoc
for a jacking system compared to the DSF.
Fi g88lempact | oads on LMU in x directic
The unknown i mpact | oads on the LMU were a reasdca
to a time domain analysis. The analysis showed t
| oad on the LMU however t hs sf are decarih owma we st aTonte f
sti fcfanseesss kept an i mpact | oad between 1100 and 1
1400mT this is az2@OmTmby haduotgi ansofi ffness diff
Tab854 mpact | oad LMU head waves (195de:q
Case | mpact | oad
DSF 1399
JACK1 1086
JACK?2 1108
JACKS3 1207
JACKA4 1120
JACKS 1224
Onl ybdaom waawvwsesg,miefdiuc@mto mpadadtuel dadadithhg | ower hori z
sti fifsnewissi bl e. The difference was varied betwee
force of 2% til!]l 5%. The rembaohmgnt mpact | oads
Sway fender
The sway fenders | ocated on the port and starboa
during the mating operation. The sway fenders
effects on the | otasdtse elu eg magsnes hadre aétjesmatéelThese
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affected for following waves this is expected a
bow restrained by sway fenders and the topside

waves approach the bamgeé hfer esmetrmeistehre, |ahges
the | ower stiffness on the sway fender | oads d

ft
[
horizontal forces in the interface spring are f

S
C
f.
S
0

The Max Sway for environmental case : Hs = 2.40 Tp = 8.0 heading = 345deg
osF Bk e Bk Jacke ks

200

Fi g84lempact | oads on the Sway fender

The maximum force in the mooring |lines is not af
1% across all cases with no trend. The 1% can be
which no run is identdtcead wWweaeweaursecadrnd riemguwlriesh ae

Conclusions and | imitations

The Time domain model showed that a | ower hori zo
LMU for all investigated wave headings and peak
force on the LMUO6s showedc & e bjead kiweg wys teegm ad o m
As found in the frequency domain analysis, a | ow
in a | ower |l ocal horizontal force o#sttheel] gpdkaisreg
fl oxtarn cbhe modell ed using the stiffness relation

ity cases have been run with a seed
runs. This s accurate enough for investigating
seeds have 0 beec ciinnrcarteealsye dr ettor ileOV0e ttohe | oc al |l oa
Further mor e, wind and current are not included i
preparation phase. After the mating starts, the
jaking system and LMUb&6s. However, these two fact
oaTldhse | oc al maxi mum i s determined by the mean m
i
e
X

The sensitiyv
i
t

me dlonmaa nf.r equency domai n laantaeldy shiass etdh eo nmatxhi emuvna
sponse spa@tprwmitvmedtaeht yofs t he 1/ 3 of the respon
pl ains why the |l oads are higher in the time dc

are |l imitations in the calculation of the
s not considered, no DSU is used for the
ace |l oads found t he a&ai enehidgmai nt maneil nof e
since the LMU6s are not | oaded in vertica
wer and nonlinear effect such as second o
kaown to have a | arge effect on moored ve
ati on. Earlier this thesis it was conclud

)

oO—+~unwvw —a -
QO STODS O
—= @95~ 0
oa—uwox-
c@e —o -

—v o —_
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A maxi

mum of

t he

b

horizont al | oads can be found
instead of the 52 which were used in chapter 7.
Tabg6d nterface”" force BSTS
Dr af Maxi mum | Totgdlob@adi zont Max | oc
11. 3 hori zont interfacel number d
He ad mT Head mT % ofl mT % o f
topsi tops
wei g wei g
Jack 345 1824 345 9811 30 145 46
syst
DSF 345 1880 345 991 31 150 47
(fix
Desi ¢ N. A| 800 N. A N. A N. A| 640 20
*Maxi mum | oc al |l oads needs to be divided
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9.

0O CONCLUSI ON AND RECOMMENDATI ON

This chapter presents the conclusions drawn fr on

frequency and tTihree cdooncaliuns imoond eilss.spl it in the | a
floater oRaeadatiomall vy, recommendations for furth
conceptual design are provided.

Conclusions

This thesdas bhanwkes gi gae¢ed topsi de jacking system.
Chapter 2.3 indicated that the jacking system sh
fl oater techniques. Since this thesis does not ac
jacking system must havei neigtusi vtaol ernetmaoirn bceotnpeert iitn

The foll owing research questions were defined af
How does the jackingveystogpmrianfilom&nce the fl oat
With the following sub questions:

A What happens during the jacking stage to the
A Can the design |l oads of the jacking system be
A How does the horizontal stiffness of the jack

operation?
A What is the diff eroevreae wiinn hb eat viDéSén atntde wfi lt dhatt h e

The research focused on the jacking stage and tFh

Jacking stage

Stability

Thet aboifl itthyeabarlrigre edh awphieah 5i. Oivies t b ¢ lajdaecdioiumg o f
without .badHKiarsg icnfg t he t owass degrsoweén htoawtbdadf asa i
bargebdés stability. The GM stayed far above the
and even above the advi s edavelr..Owmbd msais lcaamsa it © 0 Nt g
reduced from 17m to 11m. So, t hi s makes stelca i ®BM ©
5.3

Furthermorduet hoewhaekidmgti fied as a potenti al i S
i mmer ses at 9 degrees and the advised freeboard
proven to be oafn nionictonacle rhne egiivnegn an@Den/ ef i @. 1deg

secbi&dn.5An initial heeling angle wild./l result in
been jacked up to height. I n the worst case of a
degrees resulting in a heethaty dumegl teo of otdDatli3om,e g
willosbhy®3m in the horizont al pl aArnd ewitti o nr esshpeud tc
paid to the ballast plan to make sure that the i
the investigated cases had an increase of 30%.

The wind wild.l generate a heeling angle which inc
topside investigated, the heeling angle increase
zero jacking height offhfissen®WiyoldB mesuvuket Bnheibgbtirtz
met étscould be advantageous to start with a heel
compensate for the additional heel due to wind

The non concerns for a positive GM also means t&h
fl oater height is required. The i1 hopadshgheamlo i n
concern for the investigated cases but the heel

be taken with ballasting before jacking. This sh
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The natur al rol |l period of the barge was al so in
increased and thus it moved farther away from th
of the barge increases WwWhbhehetgbttopbhi demewahb bha
barge will/l be more favourable after the barge i s
investigated topwérdelodAatfom ithmet ié odorth Sea, |
period of 17 sea@xingsDieeatrteo a@lhmodtarge i nitiinal r ol |
period after jacking this is also not a concern.

loads jacldirngisygstsgmt em
The dgloohaadrdi zont alandesihgnl!l locad nfaoxri nuhne ddersiivgi nn g osay
werienvestigat ed Hmsalcth omi eopBt eed seédaals wahsof vert

weight. Thins twas wdigrsea mmi ng the | o¢cdamyhorizont al
mul tiplyinxgi mbhre byctahe maumber of jacks. The t wo
di f f eFuerntcheeer i nvestigation showeddthatcahseddbyf
di f f erl eohhaer iiznont al |l oad on the jacks. Meaning th
horizont al |l oad thamdhibedjidclerehceei st catulsedstbegr
topside on the barge and t he htee dwae greo Iwdanngh isrt atllol mpd
around its centre and the topside is not above t
springs the resulting horizont al force foll ows f

l ncreasi ngft hteh es tjiafcfkniensgs system showeddulat ot lae

reduction in eigen pere orde duocrt wMehte e idmhanidronadidest | movi in @
seas. However, these wave heading were not gover
governing for the jacking sydtemrdricamilng opys tdems
toghbibadi zomtnalt hleowahst emtofraec ¢ han sufficiemts for t
the driving syst eam |wacsa Pa2niidya dshuebfjee citte dvatSchide si gne

means that higher sea states can be investigated
with | ower design | oads.
The jacking stage can be accur atlédlneamaddadlelse carien

i nterest icronfdrigd ofnl oati ng

Mati ngoverl)oat
The design |l oads on the jacks itself are invest:i
in the time domain and ASTS whhehme&a®maine i n th
hori zomtnalt hiea § daifcdkaidnrdn fgourar t er wag ecS34 T hidesgreae) d b
explained by the topside | ocated at the bow and
incoming waves creatinbhea maxemuirmal ®@daeids ladddg ac k
than twice The odeeas igtnatl eo adndleadahii zdntt dli sl onack i imu
far higher thawmvteheteaeahmet omg efsl ¢ at chapter 2. TI
of 1.5m for head seaWhasechor beheelbowd he8bapated
with a Hs of 2T.hdins amaek easp pidto mipsdbpl @es. ¢ ielclhen ol @ gi es as
very dependent on the sea sates, topsides weight
Tabdl®Overview horizont al | oads
BSTS Ti me domain
DraftMaxi mum | gTotgdlolb@adi zont gMax | oca
11. 3nhorizontallinterface number o
Head mT Head mT % of mT % of
topsi tops
wei gh wei g
Jacki345 |1824 345 ]9811(30 1454946
Syst ¢
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DSF 345 |1880 345 |9910/|31 150447
(st)i f
ASTS Frequency domain
Dr af t
12.0F
Jacki270 |102 345 [|3544]11 530416.5
Syst €
DSF N. A. [N. A. 270 |2965]|9 N. AJN. A
(st)i f
The gl obal horizont al l oad on t he hientder fvda me isy sd

This it® domelairtceamdtilhdatees t he gl obal hoofr itzoomstiad e d
wei.\st can be seen dnhftheenhabl betivaese stihgen infe tchaondt c
the jacking system 30i% ofroudn6d% aosf gtl.dopbsaisdehdbtir vdeazi ognht t
was comnolcladiescked by t he pr eseahciec ho fc aau steodr sliaorngael dn
loads per jack

The presence of the torsional moment means that
floaters are deemed not accurate. Designing basec
the number of |jadksi gnirdersesguwbingi nt hendercki ng sy

hol ds true for L MU haeaobseries that altkosgh tydemdin@arslgses are
necessary, the results from these analyses are often simplified to such an extent that it neglects the
reason for condting timedomain analyses in the first place. This is because the torsional moment is

neglected, and directionality of the local load is lost due to calcul@ion O "™O.The tor si ona

moment is shown to bhermeoetiampeti afiineksr cbowect.
system. The absence of the torsional component i
to compare the results of this study to other st
amount of -eséermationdef | oads has not been studi
considered a main advice for further study.

Il ncreasing theofhotrheojpdiadd rstgoi oaf tdehsesf eomftamhe t hi s
close to centre of the barge for a |l ow stiffness
sti fwhniecshw iwsausa Ini sed.Bhioxw | ed to higher asoraelolnt al
hi gher Ldvudeddlsy a decrease in eigdmipertireddfor
continuednowvteirl poaiint was reached and Dblhénsystem
shoul d bea radgeicfifteldehgtsor ease i n émgde pbaped Thrist
the increase i n | oaadtse &.olrli tk #hibese I tplyveeds| t1i @laptveeds s e a s
196 hrilsatsihorqp does wnbt bel dnaedted.

blVent Bcki ngosnparemd tové&eldSFof lamea imaoxri enausme o f
al horoinz otnhteaTjhdlcskawtas vid.umTheejdackhi sgcsyodhem
rease in compressionpadotadlsoansthr tLM& laMd. | Dw

—a — 4
O ®O =
QOO

ds are the most of inter eosntp rbewsts iboenc d wsaed so fwetrh
be more i mportant.
Concluding the analysis in the frequency domain
aNySI M. The jacking system-cady beymobem!| Wiedh aamcui
spring iln kkeetaweeSF but nowChlwapthera 6 oswh @ wheed fprsle 3ts ¢
to gaderstanding in behavi ourowdr .t hieo weavcekri,n gi ts yas
that a simple 1D model does not give all the inf
jackingdlhsey sntactmm.ng operation should be done in ti
analysis only was usableafidreigerspémgiadcdangwhiedla v
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Mdéinneari ties in the secolnidneardeadommarvees dioardic

Il pf
0s are not captured in the frequency domai n.

e
MU

Recommendati ons

Fol |l owi ngo bhhee sfomidowadabtnkgn t rien gc aau @amto mtelh e cien tbeert we e n

t opsi dgelahned |Iboacrat poBsi oh €k nssrtei gsahtoeud -dfvabre taheev efhli ose
i nfl ubachorciadonrtead ulltoiardgs i n undger cemtawger ode ViV .
coulidntberteos tiinnvgest i gat e.

The rbéokeatwweelnhwern zont al sti ff h&éhse raen di ntvhees tliogaadtse do
t hiessn tlhaitsi one a tufoaomdr pibntnwebrudasdtkibnegy how t hi s p-
depetnon the weight af hdduel & dgitiled Basdsorg hlhar ge

A recommendation for further concept design is t
reduce the percentage fdof ftemendri vinndosyztoemmmad f |
foll owi "TgReduationg the difference in | ocal hori zo
optimizes the design. It can also be interesting
other at the sides of the topside and further apg

dance of the design matpplktddy wodultd ebg ag
|l owering the sea sates or by adding a
ges and not during the jacking stage t
e laans togpmea ro nwa wl diskee at the interface b

Q= D
- o

t her option would be investigating possibilit
ing incomsmingr nwagsesrstf.e olirnigs coul d possibly be
ge in place with tugs in the transverse direc
1

ecommendation for future research is investig
h a shorter barge. Fr8mlbdild modefavbakl|l owedr
e angle. -Peefowmthagraddedboddledatr esult i n mo
a er barge has more of its | ength betwee
his | i kel y ionvfelrueweciegsh tt hcea psatcaibtiyl ibteyc aaun
0 shortening of the barg&51 Pilacnatg t he
ince only part of the barge is narrowe

The design
described
al so requ
down but

ea states for head and gowaet®ring wae
chapter 2. These chosen design sea
remar kably hisglateésswgunl ldoads] | Rédic
woul d increase the waiting on weathe

— = —
® S »;
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ATTACHMENT 1 DETAILED CALCULATION JACKING SYSTEM

cal cul &

structur al

he

t

descri bes

attachment
j acks.

Thi s
t he

o —
= -
>3
S
g x
=)
.w.a
Q.
()
dle
g <
5 ~
Sr
2
= O
bf
n
X O
g ©
MO
-
o)
o c
o
= -
)
cC o
80
T —
© ©
oo
-
— S
© O
o >
- O
o O
O -
> o
e
0O o
0O ®©
O «

design | oads

vertical

he

t

of
topsi de

cal cul ati on

he
| ocati on

t

For

used.

CoG ar e

he

t

of

32000mT

of

wei ght

design

program python.

t he

n

calcul ated i

e

ar

hoads

starts-dbyecalionl andobhhethe

calcul ati on

Y

wchii rcehc tiisornt .h e

rows

82



First the Centre of supports

Wgg ——— with n = 13

Then the polar moment
O ®© w88w®w with n = 13

Then the momeeand fra&souupnpdo rtthse

0g ™©Oz&d with fv the weight of t
And finally, the reaction | oads
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Structural check jack
Input

Vertical Design load
Horizontal Design load

Yield strength
Diameter pipe

Wall thickness

Area Pipe

Maximum unsupported length

Weight pipe

Axial stress

Buckling check brace

Moment of inertia

Radius of Gyration

Effective length

Buckling length

Parameter Cc

Buckling length/ radivs of gyration

Allowable compressive stress

Euler stress

Unity check

F,:=752 mT+125.g=0218 kN
Fy=123 mT=g=1206.2 kN

}j =325 MPa

D= 1700 mm

WT =55 mm f=WT

Ap=2.(D* —(D—2+WT)*) = 284236 mm*
4

L =309
wT

lipgeg 7= 17600 mm

kg -
Ap-7850 —E ], =303 mT

Opi=—-=32 MPa
P
L=""u(D* —(D—2-WT)*) =96251054942 mm’
o4
1.
rz:={|— =582 mm
Ap
K=2

if i<cC, =149 MPa

_ 12’ «E

F,: ——=281.5 MPa
23.4°
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Axial + Bending check

Bending moment

Bending stress

Axial stress

M=l Fy=21229 kNm

Fy=| it 2 10340 MPa =244 MPa

5
if ]03-10.‘}!?’1!{22_0630.“}’0

F, N F,

F,-D
084—1.74.— X " |.F,
E+t :

20680 MPa
£

pm-es27)
0.72—-0.58:—|+F,
E-t :

D
if —>
t

_M.05D

Jit

=187.5 MPa

Jo=0,=32.4 MPa

C, =085
Cm factor
L Cohy
Unity check E * ( fa =096
I—== . F,
[
Unity check "r—" + £ =094
0.6-F, F,
For the driving system a | ower hori
. OCnAa'NY pQmTY
O mv a’Y opY
U C U C
0 Ozp®d omna’ya

zont al

86

oad



Concenpt

Verti cal

Mo ment

Decouplin

Vertical
decoupl ed

Load dri v

Pedriving

87



ATTACHMENT 2 INPUT SIMPLE MODEL

The stiffnesses of the interface spring and LMU
Therefore, the superpositidonf foefr etnhte.s eT hsep rfion g so wiis
explain the methodol ogy used to calculate the eg

Spring stiffness Methodol ogy Kasawar.

The jacket is eight | egged as can be seen in the
the stiffness in x and y direction. The figure b
parall el.

At every Il eg
i's in series

mating unit present
l eg.

ThBopside is not rigid and has a stiffness. The

|l ocation and at the DSU |l ocation. So, the topsiod
Summari zing: The LMU spring is constructed by ca
jacket | eg, LMU and topside support in series an
The I nterface spring for the DSF case is constr.yu
t he DSF, DSU and topside support and thereafter

The I nterface spring for the jacking case is cor
then dividing them by the number of jacks (52).

the jack, DSU and topshndel gremubtddepdi ed bgribse ar

Met hodol ogy Wheatstone

The substructure of Wheatstone is having fo
and SGS has been provided by the report. The LML
Ssprings.

The stiffness of the DSU has been provided by th
stiffness in |l ongitudinal direction and four in
DSU I ocation is not conkidbeettheTharaplréehgaddedr
DSF case.

The Interface spring for the jacking caswois cal
calculating the equivalent stiffinws.s per jack an

Met hodol ogy ARKUTUN DAGI
The LMU spring is constructed by adding the stif
there after adding this in parallel
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The spring Interface spring for the DSF case i s
| ocation and adding it in parallel
The I nterface spring for the jacking case is
and adding it in parallel then dividing it by
and the topside stiaaltfiygyesmsl ai pDSUthosatsitomnfnEsi

alaa Ay {eatySaa ; 9A3SyYy LISNJI

wYCKYB

Y M Y H 1 ™ 1H M H
Y'{!2!twbL ¢w!b{xtMCcTTHYN pMH MO T HC ¢ o9
/{9
Y {!2!wL ¢w!b{xMCTTHYN OOYH MOT H N M P
Y!'{!'"2!wL [hbDL¢MPYNHYND nyT HOO H N oo
/{9
Y'{!'"2!wL [ hbDL¢MPYNMHYN OHNO HOO MYy ¢ M D
/{9
21 91'¢ {¢hb9 ¢w! MNncT Myp pMH oTn M C ¢ H®
/{9
21 91'¢ {¢hb9 ¢w! mMmncTMyp| dhcnna oTn MO ¢ no
/{9
21 91'¢ {¢hb9 [hbmMoTAMyp| npo oTHn M C ¢ H®
WY {9
2191¢ {¢hb9 [hbMoTAMYPpP HYyny oTHn MO ¢ M P
5{C
I N diild&A ¢w! b{+ mcynoyn pnp HY M H N ¢ nao
/I v {9
I N diildA&A ¢w! b{+ Mcynoyn TTnNnp HYyM MT ¢ M P
/v {9
| N dfiild&A [ hbDL¢ mMmpoToyn nnT Hpp H N ¢ nao
wr/y [V {9
I NJ dildAA [ hbDL¢ MpPoT Oyn HCM/A HPP MT ¢ HO
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ATTACHMENT 3 LIFTDYN INPUT

Lif

t o]
wei g

dyn requires pr
ht ter

erbeesween the bodies. aiftdec®
mass 1 s de t h

p
mi ned and the |l ocation of

The weight pre8pelrties of the H

Mating ballast conditions wil/ be calcul ated wit
propertireisnt el ails payt hon t ool which has an inter
ball ast the barge.
The CoG is in | ocal barge coordinates.
I t ems Wei gCoG
[ mT]| X Y z
[ m]|[ m][[ m]
Bl LGEWTR 6619-14.0 0. 2
DI ESLOI L 98 95.|/5.10. 1
Jacking system|{400052.|0 5. 4
F2F Skidding Tr/310 |(-82 |0 17.
Fl| eoavter Equi pme|1707-28.0 16.
FRESHWTR 353 |95 |15.11.
FUELTANK 516 (108/14./11.
I NFI LLPC 840 (-1180 14.
Addi ti onal I nfij840 |-1180 14.
LI GHTSHP 3508-12.-0. (8.1
Stern Mooring 6 0 -1310 15
Additional Skid925 |-53.0 16.
Seafastening 440 |55.|0 22.
SKI DBEAM 235214.|/0.216
Tot al 5414-9. 50. 28. 1
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The

|l ocation of the LMUGbGs
LMU X[ m Y[ m Z[ m
Al 21 . 44 .| EL+16. 0
B1 21 26.| EL+16. 0
D1 21 . 26.| EL+16. 0
E1l 21 44.| EL+16. 0
A3 21| 44 .| EL+16. 0
B3 21| 26.| EL+16. 0
D3 21 26.| EL+16. 0
E3 21, 44.| EL+16. 0
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ATTACHMENT 4 RESULTS LIFTDYN JACKING STAGE

The remaining results from the fatetqauacemmegntd.omai n
[20Ff YFIEAYdZYY K2NAI 2yadlt 2FOlAy3 t2FRa Ay
| SI RAY 3 M & on H M oM HT
/I asS n T M M P T )
/I asS wm T M M T M Ji y
/| aS H c M J1 c 0" T
/' asS o p ) c y c
/ asS n n y y y c
/I as p p y M J1 b c
[20Ff YIEAYEANOKRWAI EYERA Ay . RANBOs2y oV
/I -asS n H H ) n M Tl
/I asS wm p T M M M p H /1
/&S H p T M H M C H I
/' asS o C y MO MY H /1
/&S n c o M p H I H
/I as p T o M T H O H M
Maxi mum | ocal horizontal | oadY®b&Gsed on

CK KSt CK KSt CK KSI CK KSI CK KSI

M p onp H M oMp HT N

/I as y M M c y M M
/I I &s T M M y M J1 M C
/I as c M 71 y M J1 M C
/I I &s P b oo M M M p
/ as p y M J1 M 0 M p
/I I &s P y M H M p M C
When taking the sum over the jacks rather than t
horizont al |l oads is | ower. However, this differe
tot al horizont al |l oad.
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The remaining mode shapes of the jacking stage
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ATTACHMENT 5 LIFTDYN RESULTS BEFORE STEEL TO STEEL
The remaining results from the frequency domain

[ 201t YRZEMAYidaW Gt 2FO1Ay3 t2FRa Ay - RANBOsz2y Y
| SI RA M ¢ on H M oM HT
/I &as no nao no nao nao
/I as y M M T M J1 T
/I as T M J1 C ) C
/I as c ® c y C
/I as p ) y T p
/I as p y y c
[ 201t YIFEAYdZY K2NARANBEOD2¢!
/I &s no no no no no
/I as p T M J1 M p M d
/ I a&as p T M M M C M d
/I as c y M H MY M d
/ I a&as C ) M 1l H Il M d
/I as T M J1 M p H M M d
Maxi mum | ocal horizont al | @
t o0 g eu Yhetebr ®
CHK CK CK CK CK
KSIRIKSIRIKSI RIKSI RIKSI R
M on HM 0 M HT
/I as M M M M M H M 0
/I as ® M Q M H MY H M
/I I &s y M d M d MY H
/[ as y M H M 1l H Il H Il
/I I &s y M H M G H M H
/I as ® M H MY H Q H Tl
The maximum velocity in the POl 6s (topside | egs
AY YO KSIR}i@ KSIR}I@ KSIRA@D KSIFIRI @ KSI R}
/I a n o n o n o n oy n oy
/I & n o n o+ n o n oH naod
/I a n o n o H n o n ®H n e
/I & n o n o+ n o n oH naod
/I a n o n o H n o n ®H n e
/I & n o n o+ n o n oH naod
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ATTACHMENT 6 LIFTDYN RESULTS AFTER STEEL TO STEEL

Thleoc al maxi mum horizont al force X direct
| SI RAY 3 M & on H oM HT
/&S n y 0 MC M T MO d Hpp
/I asS wm 00 T H H Y nyl 0y
/| aS H 00 cYy 0¢ P H p
/' asS o op cc nH p ca
/ asS n 0¢ cc nop pC Cy
/I -as p 0T cp nyl pT T H
The | ocalhomdaxiomum!| force Y direction [ mT]
/I asS n H M H Il o O H P H
/' asS wm H H H Y nH p hp
/ aS 00 o H pp c /i M N
/' asS o n op cc cc M M
/&S n nn 0¢ T H cd M M
/I as p n 0y T T T H M H
Maxi mum | ocal horizontal tlogaed hlkrased on

CK | CK KSI CK K3I| CK K3 CK KSE

KSI RA onp HMA oMp HTN

AY Y M pp
/I as n n n n n
/I as 0" M O M H M Y H
/I I &s y M O M d M V] H Il
/I as y M H M Tl H H
/I I &s y M H M G H M H Il
/I as 0" M H MY H O H 1
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Theemaining mode shapes can be found bel ow

100



101



102



103



100

104



105



ATTACHMENT 7 ANYSIM RESULTS

I n this attachment all the post processed result
The | oads are displayed in x oompredssieohi bar c®s s
i mpact | oads.

The results are visualized in a bar plot

The results of the maximum compression | oad on t

The Max FxLMU for environmental case : Hs = 2.40 Tp = 8.0 heading = 105deg
DSF JacKL Jack2 Jacka JACKs Jhcxs
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The Max FxLMU for environmental case : Hs = 2.40 Tp = 8.0 heading = 345deg
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The Max FxLMU for environmental case : Hs = 1.00 Tp = 8.0 heading = 270deq

Stiffness case

DsF JACKL JACK2 ks JACKa Jacks.
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The Max FyLMU for environmental case : Hs = 2.40 Tp = 8.0 heading = 345deg

Stiffness case

DsF JACKL JACK2 ks JACKa Jacks.
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