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΢ΤΝΟΠΣΙΚΗ ΠΕΡΙΓΡΑΦΗ  
Η Αρχι Λιμζνων Κφπρου προγραμματίηει τθν επζκταςθ του λιμζνα Λεμεςοφ – Σερματικό 2 (Βαςιλικό) προσ 
τα ανατολικά. 

Σο παρόν τεφχοσ περιγράφει μία από τισ υποςτθρικτικζσ μελζτεσ τθσ επικαιροποιθμζνθσ Μελζτθσ 
Εκτίμθςθσ Επιπτϊςεων ςτο Περιβάλλον (ΜΕΕΠ) για τθν επζκταςθ του Λιμζνα Λεμεςοφ – Σερματικό 2 
(Βαςιλικό), και ςυγκεκριμζνα τθ Μελζτθ Πλοιγθςθσ. 

΢κοπόσ τθσ παροφςασ Μελζτθσ Προςομοίωςθσ Πλοιγθςθσ είναι θ διερεφνθςθ τθσ καταλλθλότθτασ των 
προτεινόμενων ζργων, όπωσ περιγράφονται ςτθ ςχετικι ΜΕΕΠ, ςχετικά με τθν αςφαλι προςζγγιςθ και 
ελλιμενιςμό του πλοίου ςχεδιαςμοφ εντόσ τθσ νζασ λιμενολεκάνθσ υπό τθν δράςθ ζντονων 
περιβαλλοντικϊν φορτίςεων (ανζμων, κφματοσ και ρεφματοσ). 

Για τθν εκπόνθςθ τθσ παροφςασ Μελζτθσ ζγινε χριςθ του λογιςμικοφ SHIPMA7, αναγνωριςμζνου διεκνϊσ 
για εφαρμογζσ ςχεδίαςθσ λιμενικϊν ζργων, το οποίο βαςίηεται ςε υπολογιςτικό μοντζλο ιςορροπίασ 
δυνάμεων επί του κινοφμενου πλοίου εντόσ του εκάςτοτε διαφλου ι τθσ εκάςτοτε λιμενολεκάνθσ υπό 
διερεφνθςθ.  

Ωσ δεδομζνα ειςόδου ςτο μοντζλο για τθν περιγραφι τθσ περιοχισ μελζτθσ δίνονται τα ακόλουκα: 

› λεπτομερισ βακυμετρία (κάναβοσ 10μ x 10μ.) περί των 3 χλμ. Ανατολικά και Δυτικά των 
υφιςτάμενων λιμενικϊν εγκαταςτάςεων του Λιμζνα Λεμεςοφ – Σερματικοφ 2, 

› οι υφιςτάμενεσ γειτονικζσ λιμενικζσ εγκαταςτάςεισ (π.χ. προβλιτασ VTTV), 
› τα όρια των νζων προτεινόμενων ζργων επζκταςθσ του Λιμζνα Λεμεςοφ – Σερματικό 2 (Βαςιλικό), 
› θ διαμόρφωςθ του πυκμζνα για τον ςχθματιςμό του προτεινόμενου διαφλου προςζγγιςθσ με 

ωφζλιμο βάκοσ 16,5μ. από Κατϊτατθ Ρθχία (ΚΡ). 

 Απεικόνιςθ τθσ περιοχισ μελζτθσ, όπωσ εξάγεται από το λογιςμικό, δίνεται παρακάτω: 

 

Σχήμα 0-1 Περιοχή μελέτης 
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Σα κλιματικά δεδομζνα (κφματα, άνεμοι, ρεφματα) που λιφκθκαν ωσ παράμετροι ειςόδου ςτθν 
προςομοίωςθ πλοιγθςθσ παρουςιάηονται ςτον παρακάτω πίνακα: 

Πίνακας 0-1 Κλιματικά δεδομένα 

Cases Direction Wind speed (kn) 
Wave Height 

(m) 
Wave Period 

(s) 
Current Speed 

(kn) 

1 
S 

(180
o
 N) 

29 3.75 7.74 0.41 

2 
SW 

(225
o
 N)  

33 2.5 6.63 0.41 

3 
NE 

(45
o
 N) 

29 ~ 0 ~ 0 0.8745 

΢θμειϊνεται ότι ο παραπάνω ςυνδυαςμόσ καιρικϊν ςυνκθκϊν ςε κάκε περίπτωςθ, όπου ο άνεμοσ, τα 
κφματα και τα ρεφματα κατευκφνονται προσ τθν ίδια ακριβϊσ κατεφκυνςθ, κεωρείται ςυντθρθτικι 
προςζγγιςθ. Επίςθσ, τα παραπάνω φαινόμενα ανζμου και κφματοσ κεωροφνται ωσ ακραίεσ τιμζσ, ςτισ 
οποίεσ το πλοίο ςχεδιαςμοφ κα μποροφςε να καταφζρει να ειςζλκει ςτο λιμάνι, και δεν ςυςχετίηονται 
μεταξφ τουσ ωσ ζνα κακεςτϊσ κφματοσ που προκαλείται από τον άνεμο ςτθν ανοικτι κάλαςςα. 

To υπό διερεφνθςθ πλοίο, για τθν απόδοςθ τθσ πλοιγθςισ του με προςζγγιςθ εντόσ του λιμζνα και 
ελλιμενιςμό του ςτο τερματικό 2, είναι ζνα πλοίο μεταφοράσ ξθροφ χφδθν φορτίου (Bulk Carrier) μικουσ 
τάξεωσ 250 m. Σα βαςικά του χαρακτθριςτικά του μοντζλου του αντίςτοιχου πλοίου που υπάρχει 
διακζςιμο ςτισ βιβλιοκικεσ του λογιςμικοφ και χρθςιμοποιικθκε για τισ προςομοιϊςεισ που 
περιγράφονται ςτον ακόλουκο πίνακα. Πλιρθ ςτοιχεία των χαρακτθριςτικϊν του πλοίου δίνονται ςτο 
Παράρτθμα. 

Πίνακας 0-2 Βασικά Χαρακτηριστικά μοντέλου πλοίου 

Ολικό μικοσ (LOA) 245.3 m 

Πλάτοσ (B) 32.2 m 

Βφκιςμα (Σ) 13 m 

Μζγιςτθ Σαχφτθτα ελιγμϊν 11.663 kn  

Μζγιςτθ γωνία πθδαλίου 35o  

Επιτάχυνςθ προπζλασ 0.045 1/s2 

Μζγιςτοσ ρυκμόσ ςτροφισ πθδαλίου 3 o/s 

Μετωπικι επιφάνεια 740 m2 

Πλευρικι επιφάνεια 2,389 m2 

Οι ελιγμοί προςζγγιςθσ περιλαμβάνουν ζνα αρχικό ςτάδιο γραμμισ πλεφςθσ κατεφκυνςθσ από Νότο προσ 

Βορρά, κατόπιν ζνα ςτάδιο ςτροφισ του πλοίου με μεγάλθ ακτίνα ϊςτε να προςανατολιςτεί ςε κζςθ 

ειςόδου ςτον δίαυλο Πλοιγθςθσ του λιμζνα, τθν διάςχιςθ του διαφλου μζχρι να λάβει κζςθ ενϊπιον τθσ 

λιμενολεκάνθσ του τερματικοφ και τo τελευταίο ςτάδιο τθσ ρυμοφλκθςθσ αυτοφ εντόσ τθσ λιμενολεκάνθσ 

προσ τθ κζςθ ελλιμενιςμοφ του με περιςτροφικζσ κινιςεισ που εξαςκοφν ςτο πλοίο τα ρυμουλκά. 
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Η χάραξθ του διαφλου προςζγγιςθσ επιλζχκθκε να ςχθματίηει μικρι καμπυλότθτα, ζναντι ευκφγραμμθσ 

χάραξθσ ςτθν είςοδο του λιμζνα και ωσ τθν ιςοβακι του βάκουσ ςχεδιαςμοφ του διαφλου. Ο ςχεδιαςμόσ 

αυτόσ επιλζχκθκε ωσ βζλτιςτθ οικονομοτεχνικι και περιβαλλοντικι λφςθ για τθν αποφυγι εκτεταμζνθσ 

βυκοκόρθςθσ και εξαςφάλιςθ τθσ μικρότερθσ δυνατισ επίπτωςθσ ςε λιβάδια Ποςειδωνίασ που 

ςυναντϊνται ςτθν περιοχι. Για τθν αποφυγι απόκλιςθσ τθσ πορείασ του πλοίου από τον δίαυλο 

προςζγγιςθσ προτείνεται θ εγκατάςταςθ κατάλλθλθσ ςθματοδότθςθσ ςτα όρια αυτοφ. 

 

  

Πίνακας 0-3 Όρια δίαυλου προσέγγισης 

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 

 

Σα αποτελζςματα τθσ προςομοίωςθσ αναδεικνφουν τθν επάρκεια των προτεινόμενων τροποποιιςεων του 

Λιμζνα Βαςιλικοφ για αςφαλείσ προςεγγίςεισ και ελιγμοφσ εντόσ τθσ λιμενολεκάνθσ για πλοία μεταφοράσ 

χφδθν φορτίου του επικυμθτοφ μεγζκουσ, ςε δυςμενείσ ςυνκικεσ λειτουργίασ του λιμζνα, ιτοι ςε 

ανζμουσ ζωσ 33 κόμβουσ. ΢ε κάκε περίπτωςθ, ςτο λιμάνι δραςτθριοποιοφνται ρυμουλκά με τεχνογνωςία 

να φζρουν εισ πζρασ τον ελλιμενιςμό μεγάλων πλοίων με προκακοριςμζνθ ελκτικι ικανότθτα. Οι 

παροφςεσ προςομοιϊςεισ ςυμπεριζλαβαν τθ δράςθ τζτοιων λζμβων ρυμοφλκθςθσ ςτο τελευταίο ςτάδιο 

που ζλαβε χϊρα εντόσ τθσ εξωτερικισ λιμενολεκάνθσ του Λιμζνα και παρατθρικθκε ότι υπάρχει, με τα 

προτεινόμενα ζργα, θ απαιτοφμενθ επάρκεια χϊρου εντόσ αυτισ για τον τελικό ελλιμενιςμό του πλοίου 

ςχεδιαςμοφ. ΢υγκεκριμζνα λιφκθκε θ παραδοχι ότι αςκοφνται δυνάμεισ ρυμοφλκθςθσ τάξεωσ 300kN 

πρϊρα και 300kN πρφμνα που είναι εφλογεσ τιμζσ για ανάλογα πλοία και ςχετικοφσ ελιγμοφσ. Η μελζτθ, 

ωςτόςο, δεν βαςίςτθκε ςτα πραγματικά δεδομζνα ελκτικϊν ικανοτιτων και διαςτάςεων των ρυμουλκϊν 

και των εξοπλιςμϊν αυτϊν που ιδθ λειτουργοφν ςτον Λιμζνα Βαςιλικοφ και δφναται να ςυμπλθρωκεί ςτο 

μζλλον ςχετικά.  

Απεικονίςεισ των αποτελεςμάτων για τισ δυςμενζςτερεσ περιβαλλοντικζσ ςυνκικεσ που αναμζνεται να 

προςεγγίςει πλοίο ςτον Λιμζνα παρουςιάηονται παρακάτω: 
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Πίνακας 0-4 Δυσμενένεστερες Περιβαλλοντικές Συνθήκες 

   

Άνεμοι: 29kn Νότιοι 

Κφματα: Υψοσ 3.75 m, Περίοδοσ 7.74 s 
Νότια 

Άνεμοι: 33kn Νότιο-Δυτικοί 

Κφματα: Υψοσ 2.5 m, Περίοδοσ 6.63 s 
Νότιο-Δυτικά 

Άνεμοι: 29kn Βόρειο-Ανατολικοί 

Κφματα: Αμελητζα 

 

΢υμπεράςματα 

 Η παροφςα ανάλυςθ πλοιγθςθσ και ελιγμϊν πλοίου μεταφοράσ χφδθν φορτίου περιλαμβάνει ζνα 

ςτάδιο προςζγγιςθσ ςτο δίαυλο του λιμζνα Βαςιλικοφ από τθν ανοικτι κάλαςςα με αυτοπρόωςθ, 

τθν δια του διαφλου είςοδο ςτθ λιμενολεκάνθ του τερματικοφ 2 (όπωσ διαμορφϊνεται αυτι με 

τισ προτάςεισ τθσ παροφςασ μελζτθσ) επίςθσ, με αυτοπρόωςθ, κακϊσ και τισ τελικζσ ελκτικζσ 

κινιςεισ με τθν επενζργεια ρυμουλκϊν. 

 Όλθ θ διαδικαςία αυτοπρόωςθσ για το εξεταηόμενο πλοίο ςχεδιαςμοφ ζωσ το ςτάδιο ειςόδου ςτθ 

λιμενολεκάνθ είναι αςφαλισ ζωσ ανζμουσ 33 κόμβων ςτισ διάφορεσ διευκφνςεισ, με βάςθ τθ 

διάταξθ των προτεινόμενων ζργων και δεν παρουςιάηονται αποκλίςεισ ςτθν πορεία του εκτόσ τθσ 

προδιαγεγραμμζνθσ. 

 Ήδθ με τισ παροφςεσ αναλφςεισ δεν παρουςιάηονται φαινόμενα παράςυρςθσ και απϊλειασ τθσ 

ςυγκράτθςθσ του πλοίου εκτόσ των προδιαγεγραμμζνων ςθμείων τθσ υποςτθριηόμενθσ από 

ρυμουλκά τελικισ πορείασ του εντόσ τθσ λιμενολεκάνθσ, και παραμζνει θ αςφάλεια του νζου 

ςχεδιαςμοφ. Αυτό που παρουςιάηεται είναι, πριν τθν οριςτικι περιςτροφι ςτθν τελικι κζςθ 

ελλιμενιςμοφ, δυςκολία ςτθν ϊκθςθ του πλοίου από τα ρυμουλκά, ςε ζντονουσ αντίκετουσ 

ανζμουσ, με ςυνικεισ διατάξεισ ζλκουςασ λζμβου 300kN πρϊρα και ωκοφςασ λζμβου 300kN 

πρφμνα. Σο ηιτθμα, όμωσ, αντιμετωπίηεται με ταυτόχρονθ λειτουργία προπζλασ-πθδαλίου ςε 

χαμθλζσ ςτροφζσ, και οπωςδιποτε μπορεί να  διευκετθκεί πλιρωσ με κατανόθςθ των 

πραγματικϊν δυνάμεων που αςκοφνται από τισ ςχετικζσ υφιςτάμενεσ υποδομζσ του λιμζνα. 

Εφόςον, επομζνωσ, κρίνεται απαραίτθτο, κα πρζπει να διενεργθκοφν ςτο μζλλον εκτενείσ 

αναλφςεισ ςτα τελευταία ςτάδια ρυμοφλκθςθσ με λζμβουσ προσ τθ κζςθ ελλιμενιςμοφ, για 

ςυνκικεσ ανζμων 33 κόμβων και για τθν περίπτωςθ αντικζτων ςτθν κίνθςθ των ρυμουλκϊν ΒΑ 

ανζμων από 29 κόμβουσ. 

 ΢ε κάκε περίπτωςθ άλλα εμπορικά πλοία που ενδεχομζνωσ χρθςιμοποιιςουν το Terminal 2 ςτο 

μζλλον (πχ γενικοφ φορτίου ι και οριςμζνα ςφγχρονα ι μεταςκευαςμζνα χφδθν φορτίου) τα 

οποία διακζτουν thrusters δεν αναμζνεται να αντιμετωπίςουν πρόβλθμα ελιγμοφ και τελικοφ 

ελλιμενιςμοφ. 

 Λαμβάνοντασ υπόψιν όλα τα ςενάρια ιςχυρϊν καιρικϊν φαινομζνων και τθν άριςτθ ανταπόκριςθ 

τθσ προςζγγιςθσ και ειςόδου του πλοίου ςχεδιαςμοφ ςτθ λιμενολεκάνθ χωρίσ αποκλίςεισ από τα 



ΡΟΓΚΑΝ ΑΛΚ- ΕΠΕΚΣΑ΢Η ΛΙΜΕΝΑ ΛΕΜΕ΢ΟΤ-ΣΕΡΜΑΣΙΚΟ 2 (ΒΑ΢ΙΛΙΚΟ) 20.12.2023 

TOΤMAZΗ΢ ΠΑΡΑΡΣΗΜΑ 4 - ΜΕΛΕΣΗ ΠΡΟ΢ΟΜΟΙΩ΢Η΢ ΠΛΟΗΓΗ΢Η΢ ΕΠΙ ΣΟΤ ΢ΧΕΔΙΑ΢ΜΟΤ ΣΩΝ ΛΙΜΕΝΙΚΩΝ ΕΡΓΩΝ 1184-Α4-Ε2 

 

6 

επικυμθτά όρια του διαφλου προςζγγιςθσ, κρίνεται κατάλλθλθ θ προτεινόμενθ επζκταςθ των 

λιμενικϊν ζργων για λειτουργία εμπορικοφ τερματικοφ ςτθν υποδεδειγμζνθ κζςθ και υπό τισ 

προτάςεισ επεκτάςεων τθσ παροφςασ μελζτθσ. 
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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. 

 

 

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 SHIPMA7 [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. 

 

 

Figure 1-2 Structure of SHIPMA7 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, 

 Linear velocity: U=(u,v,w),  

 Angular velocity: Ω=(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, y. 

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

respectively are given with the following vectors: 

          ̇   ̇   ̇  ̇      ̇   ̇   ̇  ̇          ̇   ̇   ̇  ̇      ̇   ̇   ̇  ̇  , 

          ̇   ̇   ̇  ̇      ̇   ̇   ̇  ̇          ̇   ̇   ̇  ̇      ̇   ̇   ̇  ̇  , 

                                      , 

                                      , 

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 
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 Wind loads 

 Current loads 

 Wave loads through spectra 

o Pierson-Moskowitz  

o JONSWAP  

2.2 DETERMINATION OF SIMULATION DOMAIN 

 

 

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.   

 

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 3.2 3.3 3.1 2.0 3.6 2.6 1.9 3.5 10.2 15.3 6.5 3.3 5.5 12.9 14.6 9.1 100 

W
in

d
 S
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d

 (
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/s
) 

>17.5 
                

  

15.0 - 17.5 
         

0.02 
      

0.02 

12.5 - 15.0 
  

0.01 
     

0.02 0.2 0.06 0.01 
    

0.3 

10.0 - 12.5 0.04 0.08 0.06 
 

0.01 
   

0.12 1.26 0.24 0.04 
 

0.02 0.03 0.6 2.5 

7.5 - 10.0 0.2 0.36 0.31 0.08 0.1 0.02 0.01 0.05 0.8 3.8 0.66 0.11 0.04 0.11 0.17 0.25 7.07 

5.0 - 75 0.89 1.08 0.97 0.36 0.51 0.28 0.32 0.95 4.92 4.73 1.48 0.29 0.21 0.45 1.03 1.3 19.77 

2.5 - 5.0 1.42 1.29 1.25 0.93 1.84 1.79 1.24 2.01 3.23 3.76 2.54 1.2 1.93 7.55 8.39 4.66 45.03 

0 - 2.5 0.63 0.46 0.52 0.66 1.11 0.49 0.37 0.45 1.07 1.51 1.56 1.61 3.33 4.73 4.98 2.25 25.73 

Direction (o) 0 - 22.5 22.5 - 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 - 292.5 292.5 - 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.    
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Table 2-2 Statistical analysis on the annual wind frequency at Larnaca Airport 

 
 

Weighted Mean Max 

  Angle (oN) m/s m/s 

N 0 5.67 12.5 

NE 45 6.12 15 

E 90 4.76 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: 
 

 Southwest 

 South 

 Northeast 

 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. 
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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 

 Ηs (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) 
Wave Height 

(m) 
Wave Period 

(s) 
Current Speed 

(kn) 

1 
S 

(180
o
 N) 

29 3.75 7.74 0.41 

2 
SW 

(225
o
 N)  

33 2.5 6.63 0.41 

3 
NE 

(45
o
 N) 

29 ~ 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 245.3 m Max. velocity changing 

RPM 

10.924 kn 

Beam 32.2 m Max propeller acceleration 0.045 1/s
2
 

Draft 13 m Max rudder rate 3 
o
/s 

Mass 8x10
7 

kg Rudder/propeller distance 

From COG 

-116.8 m 

 

Dist. Mom of inertia 

& COG 

0 Frontal windage 740 m
2
 

Max manoeuvering speed 11.663kn  Lateral windage 2389 m
2
 

Max rudder angle 35
o
    

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. 

 

Figure 2-6 Design vessel track 

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 2-7 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. 
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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 SHIPMA7 software. Below each figure, some important 

remarks are highlighted. 

 

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

docking 

  

 

Wind: 29kn S (180o N) 

Waves: H = 3.75 m, T = 7.74, S (180o 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 (225o N) 

Waves: H = 2.5 m, T = 6.63 s, SW (225o 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.  
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Figure 3-3 Self-navigation for approach – entry and passage through the channel and final, tug-assisted maneuvers upon 

docking 

 

Winds: 29kn NE (45o 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 tο 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 (45o 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.  



ΡΟΓΚΑΝ ΑΛΚ- ΕΠΕΚΣΑ΢Η ΛΙΜΕΝΑ ΛΕΜΕ΢ΟΤ-ΣΕΡΜΑΣΙΚΟ 2 (ΒΑ΢ΙΛΙΚΟ) 20.12.2023 

TOΤMAZΗ΢ ΠΑΡΑΡΣΗΜΑ 4 - ΜΕΛΕΣΗ ΠΡΟ΢ΟΜΟΙΩ΢Η΢ ΠΛΟΗΓΗ΢Η΢ ΕΠΙ ΣΟΤ ΢ΧΕΔΙΑ΢ΜΟΤ ΣΩΝ ΛΙΜΕΝΙΚΩΝ ΕΡΓΩΝ 1184-Α4-Ε2 

 

26 

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 (180o N) 

Waves: H = 3.75 m, T = 7.74 s, (180o 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 (225o N) 

Waves: H = 2.5 m, T = 6.63 s, SW (225o 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 (45o 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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4. 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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APPENDIX: MODEL SHIP DESCRIPTION 



Ship's description: bul040a1
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A. GENERAL DATA bul040a1

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] -
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2. WindCoefficients

** Hoeken : WALFA(20)

** Aantal in te lezen getallen: NWALF

**

0 10 20 30 40 50 60 70

80 90 100 110 120 130 140 150

160 170 180

**

** X-coefficienten: CXW(20)

** Aantal in te lezen getallen: NWALF

**

0.750 0.770 0.740 0.650 0.510 0.390 0.290 0.210

0.140 0.040 -0.070 -0.190 -0.330 -0.480 -0.610 -0.730

-0.830 -0.910 -0.960

**

** Y-coefficienten: CYW(20)

** Aantal in te lezen getallen: NWALF

**

0.000 0.120 0.280 0.430 0.550 0.630 0.680 0.710

0.720 0.720 0.710 0.680 0.630 0.550 0.420 0.300

0.180 0.090 0.000

**

** N-coefficienten: CNW(20)

** Aantal in te lezen getallen: NWALF

**

0.000 -0.050 -0.105 -0.145 -0.162 -0.167 -0.163 -0.147

-0.125 -0.113 -0.103 -0.093 -0.080 -0.065 -0.050 -0.033

-0.017 -0.007 0.000
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3. Wave Coefficients

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

Alfa X-Force Y-Force Moment X-Force Y-Force Moment
[deg] [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

Alfa 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
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4.1 Ship information Sheet

Principal dimensions Engine

Length over all 245.30 m Type:

Beam 32.20 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

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

Diesel

Advance

Transfer

Tactical diameter

T90

T180
Advance

Transfer

Tactical diameter

T90

T180
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1.1 Turning circle test

Waterdepth 1 =    15.6 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

Advance

Transfer

Tactical diameter

T90

T180
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1.2 Turning circle test

Waterdepth 1 =    15.6 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

Advance

Transfer

Tactical diameter

T90

T180
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1.3 Zig/zag test

Waterdepth 1 =    15.6 m

INPUT:

Initial speed [m/s] 4.62

Number of revolutions [1/s] 0.95

Rudder angle [deg] 20/20

RESULTS:

Tex [s] 123.5

Tovershoot [s] 30.9

Overshoot angle [deg] 3.5

Period [s] 532.1

See also Figure 1.3 and 1.4

Tex

Yover

Tover
T
T
Y

ex
over
over 

Time

time to reach execute
overshoot time
overshoot 
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1.4 Stopping manoeuvre

Waterdepth 1 =    15.6 m

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 m

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 =    15.6 m

INPUT:

Initial speed [m/s]

Number of revolutions ahead [1/s]

Rate of turn [deg/s]

See also Figure 1.8

-0.301 - 0.301

4.62

0.95
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2.1 Turning circle test

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

Advance

Transfer

Tactical diameter

T90

T180
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2.2 Turning circle test

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

Advance

Transfer

Tactical diameter

T90

T180
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2.3 Zig/zag test

Waterdepth 2 =    26.0 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] 11.5

Period [s] 614.8

See also Figure 2.3 and 2.4

Tex

Yover

Tover
T
T
Y

ex
over
over 

Time

time to reach execute
overshoot time
overshoot 
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2.4 Stopping manoeuvre

Waterdepth 2 =    26.0 m

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 m

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]

Number of revolutions ahead [1/s]

Rate of turn [deg/s]

See also Figure 2.8

5.20

-0.4088 - 0.4088

0.95


