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ZYNONTIKH NEPITPADH

H Apxn Alpévwy KUTtpou tpoypapatilel tnv eméktacn Tou Aléva Agpecol — Tepuatiko 2 (BaotAtkd) mpog
TOL VOTOALKAL.

To mMapov TeUXoC TePLypAdEL Ml OTO TIC UTOOTNPLKTIKEG UEAETEC TNG ETUKALPOTIONMEVNG MEALTNG
Extipnong Emumtwoewv oto Meptfdarlov (MEEN) ywa thv eméktaon tou Ayéva Agpeocol — TepUaTKO 2
(BaotALko), kal cuykekplpéva tn MeAétn MAonynonc.

IKOTOC TG Tapoucag MeAétng Mpooopoiwaong MAonynong sival n dtepelivnon NG KATOAANAOGTNTAG TWV
TIPOTELVOUEVWY £pYWV, OTIWE Meplypddovtal otn oXeTiky MEEM, OXETIKA Pe TNV aodoAn TPOOEyyLon Kal
eMeVIoNO Tou TAolou oxeSloopol eviOg TNC VENG ALUEVOAEKAVNG UTO Thv Spdon Eviovwv
niepBarloviikwy dopticewv (AVEUWY, KUUATOC Kol pEUUATOC).

o tnVv ekmovnan tng mapoloag MeAETNg €yve Xprion tou AoyLoptkol SHIPMA7, avayvwplopévou Slebvwg
vla edappoyeg oxedlaong AeVIKWY £pywv, To omoio Pooiletal o UTOAOYLOTIKO HOVTEAO LoOpPOTILOG
SuVAUEWV ETL TOU KIVOUUEVOU TTAOLOU €VTOG TOU €KAOTOTE SLUAOU 1) TNC €KAOTOTE ALUEVOAEKAVNG UTIO
Slepevvnon.
Qg 6ebopéva elo6Sou 0TO LOVTEAO yLa TNV TtEpLypadr) TNG MEPLOXNS MEAETNG Sivovtal Ta akdAouBa:

> Aemtopepng BaBupetpla (kavaBog 10u x 10p.) mepl Twv 3 XAU. AVATOAKA Kol AUTIKA Twv

UDLOTAPEVWY ALLEVIKWY EYKATAOTACEWY TOU ALpéva Aepedol — TeEpUaTIKOU 2,
> OLUDLOTAPEVEG YEITOVLKEG ALUEVLKEG EYKATAOTAOELC (T.X. TpoBAnToc VTTV),
> T OPLO TWV VEWV TIPOTELVOUEVWYV £PYWV EMEKTAONG TOU Aléva Agpecol — Tepuatiko 2 (BaotAkod),

> n Sapopdwaon tou TMUBPEVA Yyl TOV OXNUATIONO TOU TIPOTELVOUEVOU SLaUAOU TIPOCEYYLoNG UE
woEAo Babog 16,5u. and Katwtatn Pnyia (KP).

ATELKOVLION TNG TEPLOXNG MEAETNG, OTtWC e€AYETAL ATIO TO AOYLOMLKO, SIVETOL TTOPAKATW:
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Ta kAwotika Sedopéva (kKOpato, Avepol, pevpata) Tou ARPOnNKav wg TapApeTpol €L0060U OTnV
pooopoiwan MAonynong mopouctalovtol OToV TAPOKATW TIVOKOL:

Mivakag 0-1 KAgotikd dedopéva

Cases Direction Wind speed (kn) Wave Height Wave Period Current Speed
(m) (s) (kn)
1 S 29 3.75 7.74 0.41
(180° N) ' : ’
SwW
2 (225° N) 33 2.5 6.63 0.41
NE
3 (45° N) 29 ~0 ~0 0.8745

INUELWVETOL OTL O TTAPATIAVW CUVSUACUOC KOLPLKWY ouvBnkwv oe KABe mepimtwon, OMou o Avepog, To
KOpoTa Kol Ta pebpota koteuBuvovtal mpog thv Sla akplBwg katevBuvaon, Bewpeltol cuvtnPNTLKA
npoogyylon. Emiong, ta mapandavw ¢avopeva avépou Kol KUPATog Bewpolvtal wg akpaleg TUEC, OTIC
orolec To mhoio oxedlacpol Ba pmopouoe va katodEpel va lo€ABeL oto Alpavy, kat ev cuoyetilovrol
HETAEL TOUG WG Eva KABEOTWE KUUATOC TTOU TIPOKAAEITAL OTTO TOV AVELO OTNV OVOLKTH BdAacoa.

To unod Slepelivnon mAoio, yla thv anddoon tng MAOAYNONC TOU HUE TIPOCEYYLON EVIOGC TOU ALPEva Kal
€AALUEVIOUO TOU OTO TEPUATLKO 2, elval €va mAolo petadopdg Enpou xudnv dpoptiou (Bulk Carrier) pnkoug
taéewg 250 m. Ta BaolKA TOU XOPOKTNPLOTIKA TOU HOVTEAOU TOU QVTIOTOLXOU TAOIOU TIOU UTIAPXEL
SlaBéolpo ot PBALOOAKEC TOU AOYLOULKOU KOl XPNOLUOTIOWBNKE ylo. TIC TIPOCOUOLWOELS TIOU
neplypadovtal otov akoAouBo Tivaka. MARPnN OTOLXELD TWV XAPAKTNPLOTIKWY Tou TAolou Sivovtal oto
Mapdptnua.

Mivakag 0-2 Baokd XapaktnploTtkd poviéAou mtAoiou

OAWKO UAKOG (Loa) 245.3 m
MAdtog (B) 32.2m
BUBioua (T) 13 m
Méylotn Tax\tnTta eAlyUwv 11.663 kn
Méylotn ywvia mtndaiiou 35°
Ertdyuvon mpoméhag 0.045 1/s?
Méyiotog puBudg otpodrc tndaiiouv | 3 °/s
Metwrikn empavela 740 m?
MAeupikn emiddvelo 2,389 m?

Ot ehypol mpoaoéyylong mepthapBavouy Eva apxtkd otddlo ypoppng mhevong katevBuvong amo NOTo mpog
Boppd, katémwv €va otddlo otpodng tou mAoiou pe PeYAAn akTiva woTe va mpooavatollotel oe Béon
gl0060u atov diaulo MAonynong tou Aléva, tnv dldoxlon tou SltabAou péxpL va AaPel BEon evwrtiov tTng
ALLEVOAEKAVNG TOU TEPUATLKOU KOl TO TEAEUTOIO OTASLO TNG PUUOUAKNONG AUTOU €VTOC TNG ALUEVOAEKAVNC
Tpog tn B£on eAMUEVIOHOU TOU UE TIEPLOTPOPIKES KIVAOELG TTOU £€00KOUV OTO TTAOLO TO PULOUAKAL.
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H xapaén tou SltavAou mpoogyylong emAEXONKE va oxnUatilel PLKpr KAUMUAOTNTA, €vavTL eUBUYPAUUNG
Xapaéng otnv eloodo Tou Alpéva Kal w¢ tnv LooBabn tou Bdboug oxedlacuol Tou SlavAou. O oxebSlaopog
QUTOG eTUAEXBNKE WG PEATLOTN OLKOVOUOTEXVIKN Kol TepLBaAAovVTIK AUOHN yla TV amoduyr EKTETAUEVNG
BuBokbopnong kat e€aodpaiion NG HIKpOTEPNG Suvatng emimtwong oe APBadia MNooeldwviog mou
CUVOVTWVTOL OTNV Teploxn. MNa tnv amoduyr amokAlong tng mopeiag tou mAoiou amd tov Slaulo
TIPOCEYYLONG TIPOTELVETAL N EYKATAOTAON KATAAANANG ONUOTOSOTNONG OTA OPLA AUTOU.

Mivakag 0-3 Opta diauAou Tpocéyylong

X Y Radius (m)
230838.699 341077.917 0.0
230869.158 342399.457 461.35
230059.436 342891.816 378.75
229333.051 342922.958 75.0
|
229520.711 343137.838 89.41
229600.928 343137.838 0.0

To anoteAéopata TNG MPOCOUOLWONG aVASELKVUOUV TNV EMAPKELA TWV TIPOTELVOEVWV TPOTIOTIOL|CEWV TOU
Awéva BaolikoU yia aodaleic mpooeyyloslg kot eAlypol¢ eVtog TG ALLEVOAEKAVNG yLa TAola peTadopag
x0énv doptiou Tou emBupntol peyéBoug, oe Suopevelg ouvBnKkeg Asttoupyiag tou Awléva, NToL o€
OVELOUG £wg 33 KOUPOUC. Ze KGO MepimTwon, oTo AAvVL paoTNELOTOLOUVTAL PUHOUAKA HE TEXVOYVWOLa
va dépouv elg mépag Tov eAALUEVIOUO peyGAwv TAolwv pe mpokoBoplopévn eAkTikh kavotnta. Ot
TAPOUCEG TIPOCOUOLWOELG cupMepLEAafBav T Spdon TéTolwv AEUBwV pUHOUAKNoNG oto teAeutaio otadlo
Tou €Aafe xwpa evtog TG e€wTEPKNG ALUEVOAEKAVNG TOU ALPéva Kal TapatnpiOnke OTL UTIAPXEL, UE Ta
T(POTELVOLEVA £PYQ, N OUTTALTOUEV EMAPKELN XWPOU EVIOC AUTAC YLA TOV TEALKO EAALUEVIOMO TOU TTAOLOU
oxeblaopoU. Zuykekplpéva Andbnke n mapadoxn OTL ackouvtal SUVAUEL pUMOUAKNONG Ttafews 300kN
npwpa kat 300kN mpUpva mou gival eUAOYEG TIHEG Lo avaAoya TTAOLO KAl OXETLKOUC eAlypoUG. H peA£Tn,
woto00, 6ev BacioTnke ota MPAYUATIKA S€60UEVA EAKTIKWVY LKAVOTATWY KAl SLACTACEWV TWV PUUOUAKWY
KOL TwV €EOTMALOUWY AUTWV TIou Nén Aettoupyouv otov Atpéva BaotAtkol kat Suvatal va cupmAnpwbel oto
MEAAOV OXETIKAL.

ATELKOVIOELG TWV QTTOTEAECUATWY YLO TIC SUCUEVEDTEPEG MEPLBAANOVTIKEG OUVONKEG TIOU AVAUEVETOL va
npooeyyioel MAolo otov Aléva mapoucLalovTal apaKATwW:
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Mivakag 0-4 Auopevéveotepeg MepPalovVILKES ZUVORKES

Avepot: 29kn Nétiot Avepot: 33kn NotLo-Autikoi Avepot: 29kn Bopelo-AvatoAkoi
KOpata:'Ygog 3.75 m, Nepiodog 7.74 s KOpata:'Ygog 2.5 m, Nepiodog 6.63 s KOpata: ApeAnTéa
Nota NotLo-AuTtika

Tupnepdaopata

H mapovoa avaluon mhonynong kat eAlypwy moiou petadopadc xudnv doptiou nephapPBdvel Eva
oTadLo mpoagyylong oto Slaulo Tou Alpéva BaoAkol armo thv avolktr BdAacoa pe autonpowaon,
v Sla Tou SLavAou loodo ot ALUEVOAEKAVN TOU TEPUATIKOU 2 (OMwG SlapopdwveTal auth Ue
TI TIPOTAOCELG TNC MapoUcag HEAETNC) emiong, HE aUTOTMPOWOH, KABWE Kol TG TEAIKEG EAKTIKEC
KLVNOELG E TNV ETEVEPYELA PULOUAKWV.

'OAn n Sladikaoia autonpowong yla to e€etalOpevo Aoio oxeSL0oHOU £wE To 0TASL0 el0d6S0oU Ot
Apevolekavn eival achoAng £wg avépoug 33 kOpBwv otic Sladopeg dleuBlvoelg, pe Baon Tt
SLaTagn Twv MPOTEWVOUEVWY £pYwV Kal Sev Ttapouactdlovtal anokAIoELG oTnV TIOpPEL TOU EKTOC TNG
npoSLayeypapEVNC.

'HOn pe TI§ mapouoeg avaAloelg dev mapouctalovial GaLVOPEVO TTAPACUPONG KAl ATWAELAG TNG
OUYKPATNONG TOU TAOLOU EKTOG TWV TPOSLAYEYPOUUEVWY CNUELWV TNG UTOoTNPLWOMEVNG amd
PUMOUAKA TeAIKNG Ttopelag TOU evtog TNG ALUEVOAEKAVNG, KOL TIOPAMEVEL N aodAAELd TOU VEOU
oXe6LaOoMOU. AUTO TIOU TAPOUCLAZETAL €lval, TPV TNV OPLOTIKN TEPLOTpodn oTnV TEAKN B€on
eMpeviopol, SuckoAia otnv wBlnon tou MAoiou amd TA PUMOUAKA, CE €VTOVOUG OVTIOETOUG
avépoug, pe ouvnBelg dlatdtelc éAkovoac AépPou 300kN mpwpa kot wbovoag AépBou 300kN
npupva. To {ATNUA, OUWG, QVTLUETWIIlETAL Pe TauTtoxpovn Asttoupyia mpoméAlac-nndaliouv oe
XOUNAEG otpodég, kal omwodnmote pmopel va  SleuBetnBel MANPwWG He Katavonon Twv
TPAYUOTIKWY SUVAHEWY TIOU aoKOUVTAL OO TIC OXETIKEG UDLOTAUEVEC UTTOSOUEG TOU ALpéva.
Edbdoov, emopévwg, kpivetal amapaitnto, Ba mpémel va SlevepynBolv o010 PEANOV EKTEVEILG
avaAloelg ota tedeutala otadia pupoUAKnong He AéuPBoug mpog tn B€on eAALUEVIOHOU, yla
ouVORKeg aveEpwy 33 KOUPwWV KoL ylat TNV TtepIMTwon avilOETwy otnv Kivnon Twv pUHOUAKWY BA
QvERwWY amod 29 koppoug.

Ye kGOt mepintwon @A\ eumoplkd mAoia Tou evéexopévwe xpnottomnotjocouy to Terminal 2 oto
pHEAOV (my yevikoU ¢opTiou ) Kal oplopéva clyxpova f UETOOKEUAoUEVA XUdnv doptiou) ta
omoia SlaBétouv thrusters dev avapévetal va avILETWioOUV MPOPBANUA eAlYHoU Kal TEALKOU
eA\peviopou.

Aappavovtac ULV OAa TA CEVAPLA LOXUPWVY KOUPLKWY GALVOUEVWVY KOL TNV APLOTN OVTATIOKPLON
NG MPOCEYYLONG Kol L0080V Tou TtAoiou oxedlacpol otn ALUEVOAEKAVN XwPIC ommoKALoELS amod Ta
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emBuUNTA Opla Tou SLaUAOU TIPOCEYYLONG, KPLVETOL KATAAANAN N TIPOTEWVOUEVN EMEKTAON TWV
ALUEVIKWV €pywV yla AelToupylol EUMOPIKOU TEPUATIKOU oTnv umodedelypuévn Béon Kol UMO TIG
TIPOTACELG EMEKTACEWY TNG TTAPOUCAS LEAETNG.
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1. INTRODUCTION

The Cyprus Ports Authority is planning to extend the Limassol Port - Terminal 2 (Vassilikos) to the east.

The present analyses aim at the evaluation of safety of the selected proposed works, through mathematical
simulations of navigational and manoeuvring scenarios through severe weather, which include arrivals -
dockings - departures of ships from/to terminal 2. The ship examined corresponds with a Bulk Carrier
model which will be one of the principally operating types, for this terminal.

Vassilikos Port is located at the eastern side of Vassiliko Bay. It is currently operated by Vassiliko Cement
Works under a concession agreement with the Cyprus Ports Authority for a period of 50 years (until 2033).
The port is capable to handle dry and liquid bulk cargoes.

To achieve the present goal, one of the most sophisticated commercial navigation and manoeuvring
simulations tools, for both, the marine engineering / operation and coastal design perspectives, has been
employed: the software SHIPMA7 developed by MARIN NL/DELTARES [1]. The particular one is chosen due
to its large number of specified ship models included, as well as due to its flexibility to analyse the ship’s
routes through any cruising channel and under complex conditions due to obstacles and environmental
loads, simultaneously. Overall, its -internationally celebrated- performance for development of port
infrastructures and sea transport strategies lead us towards the employment of this robust solution.

Google Earth

Figure 1-1 Study Area — Satellite view of current situation at Limassol Port — Terminal 2 (Vassilikos)
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1.1 TEAM OF CONSULTANTS

The team of Engineering Consultants from ROGAN ASSOCIATES S.A. is formed by
Dr. S. Katifeoglou, Naval Engineer (SK)
A. Stamatiadis, Port & Coastal Engineer (AS)

Dr. C. Solomonidis, Port & Coastal Engineer (CS)

1.2 BRIEF DESCRIPTION OF SOFTWARE USED

Software SHIPMAY7 [1] is employed internationally for the design of ports and cruising channels, due to its
capability for dynamic simulations of ship courses and manoeuvring through narrow waters with
simultaneous robust determination of environmental loading conditions (wind, waves, currents) as well as
other natural obstacles. The PIANC [2] regulations, nevertheless, require the employment of mathematical
simulations ship navigation and manoeuvring for port design studies when careful approximations of
cruising channels are demanded with respect to marine and near-shore traffic conditions and
environmental parameters. SHIPMA7 is such a proved simulation tool, however its coupled coastal
engineering mathematics/ ship hydrodynamics modeling is more dedicated to mathematical
approximations of loads and responses of ships and must not be confused with that of a Bridge Simulator
system which is dedicated to general navigation aspects. More analytically, SHIPMA7’s capabilities include
all parameters that must be taken into consideration for ship-to-port and cruising channel design, as:

" Treatment of each vessel-type’s motion restrictions (according to proper hydrostatic-stability-
hydrodynamic parameterization).

= Robust determination of shore/coastal infrastructures’ outline, including also offshore elements
(buoys, jetties, island riffs, anchorages etc.) as well as of the bathymetric information.

®  Proper mathematical modelling of environmental loads affecting the vessel’s motion.

=  Proper approximation of internal forces produced by the ships propulsion/maneuvering system
(rudder, propeller, thruster).

= Contribution of forces produced by tugs to the maneuvering of large vessels through cruising
channels, etc.

The expected outcome of such simulations can be

®  The track & direction of the ship

= Deviations and distances from the desired track

= Timeseries of rudder angles and propeller revolutions (rpm)

"=  Wind & wave loads, directions, heights applied on the moving ship
= Depth at the center of gravity of the ship

= Current velocities acting on the ship

= Bank suction forces when ship approaches docking

= Tug forces
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The aforementioned quantities can provide insights both to the ship’s performance and produced work
during handling, navigation and manoeuvring as well as to the existing infrastructure’s capability to host
any particular ship or to any need for further modifications. Furthermore, the combination of ship routes
scenarios under the scope of safety and operability for the local marine traffic situation, can be also derived
through the particular simulation methodology and, also, reveal any further need of improvisation of the

existing infrastructures.

The determination of vessel motion and track from the simulator is based on an Autopilot assumption,
which corresponds with the most severe case of navigation in narrow channels with several obstacles, thus,
engineering-wise, it can properly serve the present scope, among all port design analysis aspects.
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Figure 1-2 Structure of SHIPMAY software’s modules and assignment of input values

Figure 1-3 GUI including map view of simulation field/track plot and data plot
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2. SIMULATION SETUP

2.1 MATHEMATICAL BACKGROUND OF VESSEL NAVIGATION SIMULATION

In brief, SHIPMA software employs the 4DOF forces-moments equilibrium equations according to the
Abkowitz model [3]:

Where,

mlu—rv — xr?] =X
m[o—ru — xgr] =Y
Lp=K

L7+ mx,(V+7ru) =N

Linear velocity: U=(u,v,w),

Angular velocity: Q=(p,q,r)

p: Inclination from the horizontal axis (trim), r: rotation around the vertical axis

m: ship’s mass,

Ix, Iz 2nd moments of inertia with respect to axes Ox, Oz

X, Y elements corresponding with directions x, y of the body-centric coordinate system of the ship,
and represent the total inertial, hydrodynamic and external forces as vector elements

K, N corresponding vector elements for the moments with respect to the same body-centric
system x, v.

The internal forces-moments of hydrodynamic damping and inertia, for the velocity and acceleration,

respectively are given with the following vectors:

F= Fl[Xl(u! ‘i]' 7;'1 p)» Yl(ut i71 T:' p)] + Fo[Xo('l:L, 'i?, f' p)' YO(uf 'i], 7;" p)]'
M = Ml[Kl(u' i7' 7;'1 p):Nz(u, i?, T.', p)] + MO [Ko(u, 'i], 7;" Ij)'NO(ul 1'], 7:" p)]'

Fo = Fou + For + Fop + For + Foa + Fow + Foc + Fine

My = Moy + Mog + Mop + Mor + Mg + Moy + Moc + My,

Where indicator for the hull: H, of steer-rudder: R, of propeller: P, of Thruster: T, of wind: A, of Wave: w, of

current:

C and of interaction of the afore: int.

The hydrodynamic coefficients for the ship are introduced as constant factors and have been derived, for

each ship model, by previous, experimental wave tank campaigns and CFD simulations.

The loads acting on ship, according to the afore formulation, are listed as:

Propeller/Thruster forces

Moment and Thrust coefficients for several models
Hydro propulsion

Steer/Rudder Forces

Tug forces

10
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=  Wind loads

®  Current loads

=  Wave loads through spectra
o Pierson-Moskowitz
o JONSWAP

2.2 DETERMINATION OF SIMULATION DOMAIN

M

T
4
1

o

]
scenery Proposed Woss degth (mi

y coprdnate fm) -

»

M) =

* Cotminate [bm) —»

Figure 2-1 Contours of bathymetry and outline of coastal infrastructure of Vassilikos Port including the present study’s
proposed works

In the above figure the detailed bathymetry contours are depicted, as introduced in the software’s
computational domain with nodal values on a 10m X 10m grid. The whole domain extent is
approximately 3km East and 3 km West of the existing port infrastructure of Terminal 2. However,
the outline of coastal facilities also includes the nearby installations (i.e. VTTV Jetty) as well as the
outlines of the proposed, with the present, works for expansion of Vassilikos Terminal 2, taking
also into account the sea bottom reformation for the proposed, with the present, navigation
(approach) channel of depth overall 16.5 m, as measured from the lower low water according to
local tidal measurements.
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2.3 DETERMINATION OF ENVIRONMENTAL CONDITIONS: WIND, WAVES, CURRENTS

2.3.1 Wind data

Observed wind data from the study area were not available for this study. A comprehensive
approach to enable describing a representative wind climate, as an input for the navigation
simulation, has been followed.

A modelled wind climate for the area of Zygi is available from the meteoblue database, which
gives insight for mean annual wind speeds and directions, based on 30-years of hourly weather
model simulations. Figure 2-2 shows the days per month of wind speed distribution in the
Beaufort scale.

o 1 2 1 A [ N1 ¥} T =B bt

Figure 2-2 Wind speeds per month at Zygi (modelled)

The respective wind rose for the wind climate of the area of Zygi is shown in Figure 2-3.
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Figure 2-3 Annual wind rose at Zygi (modelled)

In order to validate the modelled wind climate derived from the meteoblue model, wind data
collected at Larnaca Airport was used. Table 2-1 presents the annual wind frequency at Larnaca
Airport for the time period between 1996 and 2012. In the aforementioned table, wind speed is
classified in bins of 2.5 m/s and wind direction in sections of 22.5 degrees.

Table 2-1 Annual wind frequency at Larnaca Airport (1996 — 2012)

Total 32 (33|31 | 20| 3.6 2.6 1.9 3.5 10.2 | 153 6.5 33 5.5 129 | 14.6 9.1 100

>17.5

15.0-17.5 0.02
‘\z 12.5-15.0 0.3
§ 10.0-12.5 1.26 | 0.24 0.6 2.5
5 7.5-10.0 0.36 | 0.31 0.8 3.8 | 0.66 0.25 | 7.07
'é 50-75 | 0.89| 1.08 | 0.97 | 0.36 | 0.51 | 0.28 | 0.32 | 095 | 492 | 4.73 | 1.48 | 0.29 0.45 | 1.03 1.3 | 19.77
25-50 |1.42(1.29|1.25|093| 1.84 | 1.79 | 1.24 | 2.01 | 3.23 | 3.76 | 2.54 1.2 1.93 4.66 | 45.03

0-25 0.63| 0.46 | 0.52 ( 0.66 | 1.11 | 0.49 | 0.37 | 0.45 | 1.07 | 151 | 156 | 1.61 | 3.33 | 473 | 498 | 2.25 | 25.73

Direction (°) | 0-225 |225-45|45-67.5 | 67.5-90 | 90-112.5 | 112.5-135 | 135-157.5 | 157.5-180 | 180 - 202.5 | 202.5-225 | 225 - 247.5 | 247.5-270 | 270-292.5 | 202.5 - 315 | 315-337.5 | 337.5-360 | Total

Furthermore, the data above have been statistically analyzed to generate a weighted arithmetic
mean and a max wind speed value correlated to the eight (8) main directions. The results are
shown in Table 2-2.

13




POIKAN AAK- ENEKTAZH AIMENA AEMEZOY-TEPMATIKO 2 (BAZIAIKO) 20.12.2023

TOYMAZHZ NAPAPTHMA 4 - MEAETH MPO2OMOIQ2HZ MAOHIHZHZX ENI TOY ZXEAIAZMOY TQON AIMENIKQN EPFQN 1184-A4-E2

Table 2-2 Statistical analysis on the annual wind frequency at Larnaca Airport

Weighted Mean Max

Angle (°N) m/s m/s

N 0 5.67 12.5
NE 45 6.12 15
E 90 476 12.5
SE 135 4.89 10
S 180 6.18 15
Sw 225 7.02 17.5
W 270 3.86 15
NW 315 4.31 12.5

2.3.2 Wave data

Taking into account the orientation of Vassilikos Port, the waves affecting the new facility have the
following incident directions:

e Southwest
e South

e Northeast
e E[East

In order to determine the wave conditions of the study area, the available wave data from the
study "Coastal Zone Management for Cyprus: Nearshore Wave Climate Analysis by Xenia Loizidou
and John Dekker (Delft Hydraulics), March 1994" were used. The table below shows the annual
probabilities of wave occurrence for specific ranges of wave heights and specific directions in the -
20m depth contour.

14
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Observed Vave Direction (deg.N)
Usve
Halight -15,: 15.: Ls.: 15.: 105.: 135.: 165.: 195.: 225.: 255.: 28%.; 315,
(™) 15, 45, 75. 105, 135, 165, 193, 223, 259, 285, s, 35, Total
< .25 3.19 2.3 .97 2.78 .8a .60 1.11 .09 9.65 8.% 6.78 5.99 46,65
25 . a9 .51 2.25 3.75 1.08 1.05 1.00 3,49 15,03 5.97 2.3 .58 .n
A9 1,25 A8 1.86 .61 .69 76 1.95 5.15% .28 .06 11.54
1.2%: 1.75 .02 e 27 .21 A2 .80 1.12 .00
1.75: 2.25 » . A7 10 03 11 ) | 27 .99
2.25: 2,75 .04 .03 .04 .03 13 .06 .36
2.75: 31.25 . . . .01 A A 0 04 .01 .08
3.25: 3.7% . ] . . ' 01 . 02
3.75: 4.25 .01 .01
&.25: 475 » . . . ' 0l .01
L.75: 5.75 . = . . .0 0l
5.75: 6.73
6.75: 7.73
1.75: 8,75
B,75: 9.75
$.75:10.7%
10.75:12.75
12.73:14.75
> 14,75
Total 348 2.81 3.41 9.0% 2.9 .62 3,16 B.87 11.32 14.56 9.16 .58 100.00

Figure 2-4 Annual wave frequency for offshore waves at Vassilikos Bay

Taking into account the above data and the directions that can cause disturbance within the port,
the table below presents the wave characteristics given as input to the numerical simulation
model. It is noted here that a conservative approach is applied for the selection of wave heights as
the upper limit is selected each time from the ranges of heights categorised by the occurring
waves (e.g. from the range 4.75-5.75, a wave height of 1.75m is selected for simulation).

Table 2-3. Extreme wave events from predominant directions

Hs (m) Tp (sec) Dir (°)
1 3.25 7.21 90
2 2.75 6.63 135
3 3.75 7.74 180
4 5.75 9.59 210
5 2.75 6.63 210
6 3.25 7.21 240

2.3.3 Sea currents data

Tidal activity in the coastal ports and in Vassilikos Bay is generally limited. The maximum peak
range is from 0.3 to 0.4 m. The shoreline can be described as microtidal, with very few tides having
a range greater than 0.5 m. The coastal currents in Vassilikos Bay are roughly parallel to the coast.
During winter, the main direction of the pathway varies between east and west, with the strongest
currents arriving from the east with a maximum speed of 0.45 m/s, while during summer the
currents travel mainly from west to east and reach speeds of 0.21 m/s (Figure 2-5).
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Figure 2-5 Current speed and direction during (a) winter season (Dec 2010 - January 2011), (b) summer season (Jube
2010) at Vassiliko Bay

2.3.4 Simulation environmental cases

Based on the above analysis and for the purpose of this navigation study the following cases have
been specified for the simulations:

Table 2-4 Simulation environmental cases

Cases Direction Wind speed (kn) Wavc(eml-l)eight Wave(:)eriod Curre(r:(tn ?peed
1 (183" N) 29 3.75 7.74 0.41
2 (2;:‘\’, N) 33 25 6.63 0.41
3 (4|5\|°EN) 23 ~0 ~0 0.8745

It is noted that the above combination of weather conditions in each case, where wind, waves and
currents are heading towards the exact same direction is considered a conservative approach.
Also, the above wind and wave events are assumed to be extreme values, at which the design
vessel could succeed in entering the port, and are not correlated to each other as an open sea
wind induced wave regime.
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2.4 CHARACTERISTICS OF SHIP MODEL

The ship investigated for arrival-docking to the terminal 2 is a Bulk Carrier type of approx. 250m Loa and
has the following characteristics:

Table 2-5 Ship Characteristics

Geometry & Propulsion Parameters

Loa 2453 m Max. velocity changing 10.924 kn
RPM

Beam 32.2m Max propeller acceleration 0.045 1/s2

Draft 13 m Max rudder rate 3%s

Mass 8x10’ kg Rudder/propeller distance -116.8 m
From COG

Dist. Mom of inertia 0 Frontal windage 740 m*

& COG

Max manoeuvering speed 11.663kn Lateral windage 2389 m’

Max rudder angle 35°

Max. revolutions ahead 88.02 rpm

Max. revolutions astern -88.02 rpm

Full details of the ship's characteristics are given in the Appendix.

2.5 VESSEL TRACK

The approach maneuvers include an initial stage with a line of sailing heading from South to North (i.e.
from the open sea to the port), then a stage of changing course - turning the ship with a large radius in
order to orientate it to an entry position in the navigation channel of the port, the crossing of the channel
until it is positioned in front of the port basin of terminal 2 and the final stage of towing the ship within the
basin to its berthing position by means of rotational movements imposed on the ship by the tugs, as shown

below.
X Y Radius (m)

230838.699 341077.917 0.0
230869.158 342399.457 461.35
230059.436 342891.816 378.75
229333.051 342922.958 75.0

» 229520.711 343137.838 89.41
229600.928 343137.838 0.0

Figure 2-6 Design vessel track Figure 2-7 Track Description
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The layout of the approach channel was chosen to form a slight curvature, compared to a straight-line
layout at the entrance of the port and towards the seabed level of the channel design depth. This design
was chosen as the optimum technical, economic and environmental solution to avoid extensive dredging
and ensure the least possible impact on Neptune meadows (Posidonia oceanica) found in the area. In order
to avoid deviation of the ship's course from the approach channel, it is recommended that appropriate
signaling is installed at its boundaries.

As the ship approaches terminal 2, its axial and transverse speed components should be in full control so
that the forces exerted by the environment (winds - waves - currents) are counterbalanced by the action of
the forces exerted by the maneuvering means (either devices, e.g. thrusters or towing boats). Under this
basic principle the different navigation and maneuvering simulation scenarios were parameterized.

The details of the maneuver sections that were implemented for each case are shown at the respective
tables below:

Table 2-6 Vessel maneuver description for Case 1

Start (m) Offset (deg) V (kn) Pilot
0.0 0.0 6.5 voyage
800.0 0.0 5.0 voyage
1100.0 0.0 4.0 voyage
1321.89 0.0 2.0 voyage
1600.0 0.0 2.0 maneuvers in port
2100.0 0.0 1.0 maneuvers in port
2296.55 0.0 0.9 maneuvers in port
2400.0 0.0 0.8 maneuvers in port
2650.0 0.0 0.6 maneuvers in port
2700.0 0.0 0.5 maneuvers in port
2734.08 0.0 0.4 maneuvers in port
2870.0 10.0 0.3 tug only
2900.0 25.0 0.25 tug only
2930.0 45.0 0.25 tug only
2969.0 60.0 0.2 tug only
2990.0 90.0 0.2 tug only
3010.0 120.0 0.2 tug only
3030.0 165.0 0.2 tug only
3050.0 170.0 0.2 tug only
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3080.0 180.0 0.2 tug only

Table 2-7 Vessel maneuver description for Case 2

Start (m) Offset (deg) V (kn) Pilot
0.0 0.0 6.5 voyage
800.0 0.0 5.0 voyage
1100.0 0.0 4.0 voyage
1321.89 0.0 2.0 voyage
1600.0 0.0 2.0 maneuvers in port
2100.0 0.0 1.0 maneuvers in port
2296.55 0.0 0.9 maneuvers in port
2400.0 0.0 0.8 maneuvers in port
2650.0 0.0 0.6 maneuvers in port
2700.0 0.0 0.5 maneuvers in port
2734.08 25.0 0.4 maneuvers in port
2868.0 50.0 0.3 tug only
2978.0 90.0 0.2 tug only
3028.0 120.0 0.1 tug only
3128.0 150.0 0.2 tug only

Table 2-8 Vessel maneuver description for Case 3

Start (m) Offset (deg) V (kn) Pilot
0.0 0.0 6.5 voyage
800.0 0.0 5.0 voyage
1100.0 0.0 4.0 voyage
1321.89 0.0 2.0 voyage
1600.0 0.0 2.0 maneuvers in port
2100.0 0.0 1.0 maneuvers in port
2296.55 0.0 0.9 maneuvers in port
2400.0 0.0 0.8 maneuvers in port
2650.0 0.0 0.6 maneuvers in port
2700.0 0.0 0.5 maneuvers in port
2734.08 25.0 0.4 tug only
2868.0 50.0 0.4 tug only
2978.0 90.0 0.4 tug only
3028.0 120 0.4 tug only
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3078.0 135.0 0.4 tug only
3128.0 150.0 0.4 tug only
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3. SIMULATION OF NAVIGATION & MANEUVERING INSIDE PORT BASIN

3.1 PRINCIPAL CONSIDERATIONS FOR EXAMINED SCENARIOS

The main principal through which the several reported herein scenarios of navigation simulations, was the
capability for safe approach — channel entry and maneuvers-to-docking for the design Bulk Carrier vessel
model towards Limassol Port and, in particular through the Port Basin of the proposed expansion of
Vassilikos Port, under the action of the most severe meteorological conditions of the territory, as the latter
ones were derived from the previous Metocean Analysis.

Frequently, when marine vessels experience difficulties on their self-propulsion & maneuvering systems’
performance (thrusters/propellers/rudders) or they are of older builds/or for any other technical or
economical reason, that they do not include modern-sophisticated standalone maneuvering devices,
through narrow fairways like the one of Vassilikos, the assistance of a small tug fleet is required for the
particular maneuvers.

In Vassilikos Port there is presence of such tugboats of the required operational capability for assistance of
large vessels to dock. Thus, with SHIPMA software it was possible to develop simulation models which were
close to reality, regarding the examined vessel’s course, with a first stage of self-propulsion along the
approach track, the passage through the navigation channel and the entry in the Terminal 2 basin and a
second-final stage of tug-assisted maneuvers within the basin through application of pushing-pulling forces
along the vessel, which would represent the tug action.

21



POIKAN AAK- ENEKTAZH AIMENA AEMEZOY-TEPMATIKO 2 (BAZIAIKO) 20.12.2023

TOYMAZHZ NAPAPTHMA 4 - MEAETH MPO2OMOIQ2HZ MAOHIHZHZX ENI TOY ZXEAIAZMOY TQON AIMENIKQN EPFQN 1184-A4-E2

3.2 RESULTS

In the following figures, one can view the several stages of the aforementioned navigation and
maneuvering scenarios according to the solution of SHIPMA?7 software. Below each figure, some important
remarks are highlighted.

y coordinate (km) —

228 285 229 2835 230 2305 m
¥ coordinate (km) —»

iy =

dopth (m)

Figure 3-1 Self-navigation for approach — entry and passage through the channel and final, tug-assisted maneuvers upon
docking

Wind: 29kn S (180° N)
Waves: H=3.75m, T=7.74, S (180° N)
Remark: Coincidence of desired with realized track

Comment: Successful arrival and docking under 29 knots S winds weather.
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Figure 3-2 Self-navigation for approach — entry and passage through the channel and final, tug-assisted maneuvers upon
docking

Wind: 33kn SW (225° N)
Waves: H=2.5m, T=6.63s, SW (225° N)
Remark: Coincidence of desired with realized track

Comment: Successful arrival in the basin even under SW 33 knots winds, however, final docking
stage with the assistance of tugs presents larger displacement due to stronger winds, and can be
achieved under special treatment. The analysis can be repeated with application of the real
operating tug bollard pull loads, which are already operating in the port. In any case, no severe
track inclination has been reported and the safe approach and the spatial capacity of the proposed
basin to host the design vessel, are obvious.

23



POIKAN AAK- ENEKTAZH AIMENA AEMEZOY-TEPMATIKO 2 (BAZIAIKO) 20.12.2023

TOYMAZHZ NAPAPTHMA 4 - MEAETH MPO2OMOIQ2HZ MAOHIHZHZX ENI TOY ZXEAIAZMOY TQON AIMENIKQN EPFQN 1184-A4-E2

y cooedinate (km) —

285 229 2295 230 2305 P
x cootdinate (km) —»

= 1] 25 -0 <15 -10 5
depth (m)

Figure 3-3 Self-navigation for approach — entry and passage through the channel and final, tug-assisted maneuvers upon
docking

Winds: 29kn NE (45° N)
Waves: Negligible wave loads due to small fetch length.
Remark: Coincidence of desired with realized track.

Comment: Successful arrival in the basin even under 29 knots NE winds, however alike Figure 3-2, the final
tug-assisted docking maneuver, also receives strong wind resistance, as opposed to the tugboat’s efforts.
Similarly, the analysis can be repeated with application of the actual, present bollard pull capacities, when
submitted to the consultants. Still, the safe approach and entry into the basin of the self-navigated ship,
without any collision with the rest infrastructure and within track limits, are obvious, even through opposite
weather conditions. The analysis for the particular weather scenario is repeated once more, for hybrid tug-
rudder/propeller maneuver with the following result.
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Figure 3-4 Self-navigation for approach - entry and passage through the channel and final, coupled tug & ship rudder-
assisted maneuvers upon docking

Winds: 29kn NE (45° N)
Waves: Negligible wave loads due to small fetch length
Remark: Coincidence of desired with realized track

Comment: Successful arrival in the basin under 29 knots NE winds, and, contrary to Figure 3-2 & Figure 3-3,
the final tug-assisted docking maneuver, which in the present simulation was assisted also with careful
propeller/rudder piloting, eliminates the strong wind resistance and performs better maneuver upon
docking.
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The above results highlight the efficacy of the proposed modifications of Vassilikos terminal 2 for safe
vessel approaches and maneuvers within the terminal’s basin of the desired Bulk Carrier sizes under normal
operation conditions, implying Sea states up to 33 knots. In any case, the port already operates a tugboat
fleet with the required bollard pull capacities to take hold of the docking maneuvers of large vessels of
confined maneuverability. The present simulations included modeling of the action of tugboats at the final-
upon-docking stages of the overall vessel’s tracks, by introducing hypothetical tug forces from similar
facilities and operations, while the actual specifications were not known to the consultants. It was observed
that, with the proposed works, the required space for approach and maneuvers-to-dock is ensured.

In particular, it was assumed that towing forces of 300kN fore and 300kN aft are applied, which are
reasonable values for similar ships and relative maneuvers. The study, however, was not based on the
actual data of towing capacities and dimensions of the tugs and their equipment already operating in
Vassilikos Port and may be supplemented in the future in this respect.

In the following figures one can view quantities representing the performance of the ship’s propulsion
system, which can be very useful for the real ship’s decision taking — say, if limit states were to be reached —
as well as for the port designer’s decision taking (for improving the design of channels which may require
more excessive ship performances) as well as of tug loads, during the complete simulation (voyage) time.
Such evidence can be useful for further-extended analyses for detailed navigation/maneuvering/tug-
assistance plans for all port operations parts.
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Figure 3-5 Self-propulsion values and tug loads-upon-docking

Wind: 29kn S (180° N)
Waves: H=3.75m, T=7.74's, (180° N)

Remark: Propeller revolutions and rudder angles are within specified safety limits and the vessel decelerates
smoothly upon docking. The applied tug load upon docking is steady.
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Figure 3-6 Self-propulsion values and tug loads-upon-docking

Winds: 33kn SW (225° N)
Waves: H=2.5m, T=6.63s, SW (225° N)

Remark: Propeller revolutions and rudder angles are within specified safety limits and the vessel decelerates
smoothly upon docking. The applied tug load upon docking is steady.
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Figure 3-7 Self-propulsion values and tug loads-upon-docking

Winds: 29kn NE (45° N)
Waves: Negligible.

Remark: Propeller revolutions and rudder angles are within specified safety limits and the vessel decelerates
smoothly upon docking. The applied tug load upon docking, however, presents fluctuation and demands
higher values, contrary to the previous cases, due to opposed winds simultaneous to the ship’s rotation.
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CONCLUSIONS

The present navigation and maneuvering simulations for the design bulk carrier includes a self-
propulsion entry, from offshore - to and through the port channel - to the port basin and the final
tug-assisted maneuvers of the ship upon docking.

The whole self-propulsion passage of the ship until entry in the protected Port’s basin has been
proved to be safe and always confronting with the desired course, up to 33 knots winds acting on
site and associated sea states (according to any direction/duration event), with regard to the
general arrangement of the proposed port expansion works.

Within the context of the previous point, the present analyses also do not produce significant ship
drifting motions and collision within shallow waters beyond the proposed bathymetry reformation
and the design ship always remains on track.

The tug-assisted, final maneuvers upon docking, under current hypothetical contributions of
bollard-pull loads and directions, have in general revealed the spatial and weather capability of the
proposed port expansion. However, the tug-assisted maneuvering analyses are highly nonlinear-
extensive simulations and require real values and maneuverability parameters of the available
tugboats operating in real life, which can be utilized in future detailed studies, if required by the
Client.

In some cases, before the final turn to the final berthing position, the only-tug-assisted
maneuvering solutions depicted some difficulty to perform the rotational (yaw) motion in strong
headwinds. The issue, however, is addressed with simultaneous low-rpm propeller-rudder
operation and tug pull, and can certainly be fully resolved with an understanding of the actual
forces exerted by the relevant existing port infrastructure. Therefore, if deemed necessary,
extensive analyses, exclusively for the tug scenarios, could be carried out in the future (on the final
stages of towing and for wind conditions of 33 knots and for the case of NE winds of 29 knots
opposing the movement of the tugs).

Taking into account the good performance through all intense weather scenarios -which are
conservative assumptions that do not correspond with regular operations on terminal 2- of the
present and throughout the whole ship’s cruise - towards the basin of terminal-, the present
navigation simulation campaign has highlighted the efficacy of the proposed herein port
expansion.
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A. GENERAL DATA bul040al
1. Ship's dimensions and data

Ship's type Bulk carrier
Length over all [m] 245.30
Length between perpendiculars [m] 233.60
Beam [m] 32.20
Depth [m] 19.00
Draught amid ship's [m] 13.00
Draught forward [m] 13.00
Draught after [m] 13.00
Displacement [tons] 80000
Dead weight tonnage (fully loaded) [tons] 65000
Maximum draught (fully loaded) [m] 13.00
Engine type [-] Diesel
Power [KW] 12300
Number of revolutions [rpm] 88
Service speed [kn] 15.6
Number of propellers [-] 1
Diameter of propellers [m] 6.50
Pitch ratio [-] 1
Number of rudders [-] 1
Frontal wind area [m2] 740
Lateral wind area [m2] 2389
Bow Thruster [KW] -
Stern Thruster [KW] -




2. WindCoefficients

xx Hoeken
xx Aantal in
*%
0 10
80 90
160 170
*%
*k X-coefficient :
xx Aantal in
*%
0.750 0.770
0.140 0.040
-0.830 -0.910
*%
xk Y-coefficient :
xk Aantal in
*%
0.000 0.120
0.720 0.720
0.180 0.090
*%
xk N-coefficient :
xk Aantal in
*%
0.000 -0.050
-0.125 -0.113

-0.017 -0.007
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WALFA(20)
te lezen getallen: NWALF
20 30 40 50 60
100 110 120 130 140
180
CXW(20)
te lezen getallen: NWALF
0.740 0.650 0.510 0.390 0.290
-0.070 -0.190 -0.330 -0.480 -0.610
-0.960
CYW(20)
te lezen getallen: NWALF
0.280 0.430 0.550 0.630 0.680
0.710 0.680 0.630 0.550 0.420
0.000
CNW(20)
te lezen getallen: NWALF
-0.105 -0.145 -0.162 -0.167 -0.163
-0.103 -0.093 -0.080 -0.065 -0.050
0.000

70
150

0.210
-0.730

0.710
0.300

-0.147
-0.033



3. Wave Coefficients
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The wave coefficients have been calculated with the MARIN program DBSHIP.

All computations have been made assuming a JONSWAP wave spectrum and a water depth of 20 m.

Tp =7.0s, Tmean =4.95 s

Tp = 10.0s, Tmean =7.07 s

Alfal X-Force Y-Force Moment X-Force Y-Force Moment
[deq] [N] [N] [Nm] [N] [N] [Nm]
0| 6.100E+03| 0.000E+00| 0.000E+00| 8.900E+03| 0.000E+00| 0.000E+00
10| 6.300E+03| 6.400E+03| -5.940E+04| 9.500E+03| 7.800E+03| -2.187E+05
20| 6.600E+03| 1.550E+04| -1.188E+05| 1.010E+04| 2.040E+04| -3.612E+05
30| 6.900E+03| 2.790E+04| -1.659E+05| 1.020E+04| 4.020E+04| -3.059E+05
40| 7.400E+03| 4.210E+04| -2.295E+05( 1.090E+04| 6.170E+04| -3.365E+05
50| 9.000E+03| 5.880E+04| -3.673E+05| 1.470E+04| 8.150E+04| -7.988E+05
60| 1.050E+04| 7.530E+04| -5.235E+05| 1.910E+04| 9.830E+04| -1.478E+06
70| 1.060E+04| 8.980E+04| -6.219E+05| 2.070E+04| 1.150E+05| -1.958E+06
80| 5.900E+03| 9.760E+04| -4.725E+05| 9.700E+03| 1.394E+05| -1.288E+06
90| -2.000E+02| 1.003E+05| -2.372E+05| -3.300E+03| 1.547E+05| -2.991E+05
100 -5.800E+03| 9.690E+04( 3.000E+04| -1.120E+04| 1.399E+05| 6.617E+05
110 -9.900E+03| 8.850E+04( 2.415E+05| -1.590E+04| 1.158E+05| 1.322E+06
120( -1.000E+04| 7.420E+04( 2.199E+05| -1.490E+04| 9.840E+04| 9.333E+05
130 -8.900E+03| 5.810E+04( 1.421E+05| -1.260E+04| 8.100E+04| 3.683E+05
140| -7.700E+03| 4.190E+04| 7.530E+04| -1.070E+04| 6.110E+04| 1.830E+04
150 -7.300E+03| 2.820E+04( 6.590E+04| -1.050E+04| 4.020E+04| 7.490E+04
160( -6.900E+03| 1.600E+04( 6.250E+04| -1.070E+04| 2.090E+04| 2.106E+05
170 -6.700E+03| 6.800E+03( 3.640E+04| -1.000E+04| 8.200E+03| 1.457E+05
180 -6.500E+03| 0.000E+00( 0.000E+00| -9.100E+03| 0.000E+00| 0.000E+00
Tp =12.0s, Tmean =8.49 s
Alfal X-Force Y-Force Moment
[deg] [N] [N] [Nm]
0| 8.9000E+03| 0.0000E+00| 0.0000E+00
10| 9.6000E+03| 8.5000E+03(-2.6160E+05
20| 1.0600E+04| 2.0000E+04|-4.5980E+05
30| 1.1800E+04| 3.6400E+04|-4.8450E+05
40| 1.3500E+04| 5.3600E+04|-5.9250E+05
50| 1.7600E+04| 6.8100E+04(-1.1544E+06
60| 2.1400E+04| 8.1100E+04|-1.8890E+06
70| 2.1900E+04| 9.6400E+04|-2.3318E+06
80| 9.9000E+03| 1.2850E+05|-1.3589E+06
90(-4.1000E+03| 1.5110E+05( 5.1000E+03
100(-1.2900E+04| 1.3400E+05( 1.3188E+06
110(-1.8100E+04| 1.0550E+05( 2.2162E+06
120(-1.7100E+04| 8.6900E+04| 1.7236E+06
130(-1.4500E+04| 6.9600E+04| 9.5770E+05
140(-1.2300E+04| 5.2300E+04| 3.8950E+05
150(-1.1900E+04| 3.5400E+04| 3.0270E+05
160(-1.1800E+04| 2.0100E+04| 3.2120E+05
170(-1.1100E+04| 8.6000E+03| 1.8280E+05
180(-1.0000E+04| 0.0000E+00( 0.0000E+00




4.1 Ship information Sheet
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Principal dimensions Engine
Length over all 24530 m Type: Diesel
Beam 3220 m Power: 12300 kW
Draft fully laden 13.00 m Max. revs: 88 rpm
Displacement fully laden 80000 tons Bow Thruster: - kw
Dead weight tonnage 65000 tons Stern Thruster: - kw
Crash Stop Full Ahead/ Full Asterm
Telegraph Setting RPM Speed Distance Stopping Time
[kn] [mile] [min] [sec]
SEA FULL 88 15.6
HARBOUR FULL 66 11.7
HALF 57 10.1 0.53 5 57
SLOW 44 7.8
DEAD SLOW 35 6.2
Telegraph Rudder | Advance Transfer T90 Tac. Diam.
[mile] [mile] [min] [sec] [mile]
SEA FULL P 0.51 0.27 2 55 0.53
SB 0.52 0.27 3 1 0.54
HALF P 0.50 0.27 4 29 0.53
SB 0.51 0.27 4 37 0.54
Tactical diameter
WARNING: - ]

The response of this ship may be
different from that listed above if

any of the following conditions upon
which the manoeuvring information is

based are varied:

1. Calm weather - wind 8 knots or

less, calm sea.
2. No current.

3. Water depth twice vessels draft

or greater.
4. Clean hull.

5. Load condition FULL LOAD

Advance

Transfer
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1.1 Turning circle test

Waterdepth 1 = 156 m
INPUT:
Initial speed [m/s] 4.62
Number of revolutions [1/s] 0.95
Rudder angle [deg] 20
RESULTS:

Starboard | Port
Advance [m] 1321 -
Transfer [m] 1060 -
Tactical diameter [m] 2169 -
Final diameter [m] 2113 -
T90 [s] 458 -
T180 [s] 890 -
T270 [s] 1323 -
T360 [s] 1755 -
uf [m/s] 3.84 3.84
vf [m/s] -0.164 0.164
rf deg/s] [ 0.208 -0.208

See also Figure 1.1
|

Tactical diameter

F@sfer

Advance,

Tao

Tis0



1.2 Turning circle test
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Waterdepth 1 = 156 m
INPUT:
Initial speed [m/s] 4.62
Number of revolutions [1/s] 0.95
Rudder angle [deg] 35
RESULTS:

Starboard | Port
Advance [m] 870 -
Transfer [m] 594 -
Tactical diameter [m] 1185 -
Final diameter [m] 1000 -
T90 [s] 319 -
T180 [s] 618 -
T270 [s] 917 -
T360 [s] 1216 -
uf [m/s] 2.6 2.6
vf [m/s] -0.244 0.244
rf deg/s] [ 0.301 -0.301

See also Figure 1.2

Tactical diameter

F@sfer

Advance,

Tao

Tis0
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1.3 Zig/zaq test

Waterdepth 1 = 15.6
INPUT:
Initial speed [m/s] 4.62
Number of revolutions [1/s] 0.95
Rudder angle [deg] 20/20
RESULTS:
Tex [s] 1235
Tovershoot [s] 30.9
Overshoot angle [deg] 3.5
Period [S] 532.1
See also Figure 1.3 and 1.4

Tex Period

7\

=

\/

\Lover{J

"Tover

Tex  time to reach execute
‘Tover overshoot time
‘over overshoot
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1.4 Stopping manoeuvre

Waterdepth 1 = 15.6

INPUT:

Initial speed [m/s] 4.62
Number of revolutions ahead [1/s] 0.95
Number of revolutions astern [1/s] -0.95
RESULTS:

Stopping time [s] 291
Stopping distance [m] 671.2
Heading after stopping [deg] 24.8
Deviation of track [m] 39.9
See also Figure 1.5 and 1.6

1.5 Acceleration manoeuvre

Waterdepth 1 = 15.6

INPUT:

Initial speed [m/s] 0
Number of revolutions ahead [1/s] 0.95
RESULTS:

Final speed [m/s] 4.57
Time to reach this speed [s] 900
Distance to reach this speed [m] 3175

See also Figure 1.7
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1.6 Spiral test

Waterdepth 1 = 156 m

INPUT:

Initial speed [m/s] 4.62
Number of revolutions ahead [1/s] 0.95
Rate of turn [deg/s] -0.301 - 0.301

See also Figure 1.8



2.1 Turning circle test
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Waterdepth 2 = 26.0 m
INPUT:
Initial speed [m/s] 5.2
Number of revolutions [1/s] 0.95
Rudder angle [deg] 20
RESULTS:

Starboard | Port
Advance [m] 1259 -
Transfer [m] 770 -
Tactical diameter [m] 1564 -
Final diameter [m] 1330 -
T90 [s] 353 -
T180 [s] 641 -
T270 [s] 931 -
T360 [s] 1221 -
uf [m/s] 3.56 3.56
vf [m/s] -0.411 0.411
rf deg/s] [ 0.3103 | -0.3103

See also Figure 2.1

Tactical diameter

F@Bfar

Advance,

Tao

Tis0



2.2 Turning circle test
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Waterdepth 2 = 26.0 m
INPUT:
Initial speed [m/s] 5.2
Number of revolutions [1/s] 0.95
Rudder angle [deg] 35
RESULTS:

Starboard | Port
Advance [m] 942 -
Transfer [m] 501 -
Tactical diameter [m] 989 -
Final diameter [m] 584 -
T90 [s] 274 -
T180 [s] 496 -
T270 [s] 718 -
T360 [s] 938 -
uf [m/s] 1.86 1.86
vf [m/s] -0.532 0.532
rf deg/s] [ 0.4088 | -0.4088

See also Figure 2.2

Tactical diameter

F@Bfer

Advance,

Tao

Tis0
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2.3 Zig/zag test

Waterdepth 2 = 2600 m
INPUT:

Initial speed [m/s] 5.2
Number of revolutions [1/s] 0.95
Rudder angle [deg] 20/20
RESULTS:

Tex [s] 122.1
Tovershoot [s] 81.3
Overshoot angle [deg] 115
Period [s] 614.8

See also Figure 2.3 and 2.4

Period

ﬂ 7

¥ over

Tex  time to reach execute
Tover overshoot time
Vover overshoot
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2.4 Stopping manoeuvre

Waterdepth 2 = 26.0

INPUT:

Initial speed [m/s] 5.2

Number of revolutions ahead [1/s] 0.95
Number of revolutions astern [1/s] -0.95
RESULTS:

Stopping time [s] 374
Stopping distance [m] 975

Heading after stopping [deg] 27.1
Deviation of track [m] 55.6
See also Figure 2.5 and 2.6

2.5 Acceleration manoeuvre

Waterdepth 2 = 26.0

INPUT:

Initial speed [m/s] 0.01
Number of revolutions ahead [1/s] 0.95
RESULTS:

Final speed [m/s] 5.06
Time to reach this speed [s] 900

Distance to reach this speed [m] 3294

See also Figure 2.7
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2.6 Spiral test

Waterdepth 2 = 26 m

INPUT:

Initial speed [m/s] 5.20
Number of revolutions ahead [1/s] 0.95

Rate of turn [deg/s] | -0.4088 - 0.4088

See also Figure 2.8




