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ROMORKORLERDE STABILITE ANALIZI
OZET

Biiylik gemiler, 6zellikle dar sularda kendi olanaklar ile giivenlik iginde manevra
yapamama, limana giris/¢ikis ve yanagmalarda manevra eksikligi gibi sorunlara
sahiptirler. Bu sorunlar1 ¢6zmek i¢in gereksinilen ek dis kuvvetleri saglamadaki en
uygun yol olarak * kiiciik teknelerin biiyiik teknelere yardim etmesi” gerekliligi
dogmustur.

Manevra kabiliyeti sinirli olan gemi veya boyle bir imkandan yoksun bulunan deniz
araclarinin ¢ekilmesi, itilmesi, dondiiriilmesi ve yangin islemlerinde kullanilan,
nehirde limanlarda ve agik denizlerde hizmet veren gemilere romorkdr denir.

Romorkoérler gilinlimiiziin yogun deniz ticaretinde Onemli rol oynamaktadirlar.
Zamanin ¢ok kritik ve degerli oldugu giiniimiiz sartlarinda manevralarin kisa
zamanda yapilip, kisa zamanda rihtimdan ayrilip diger limana yol almak kaginilmaz
bir kural olmustur.

Bu amacla her gecen giin daha ekonomik gemiler ve daha hizli isletme yontemleri
gelistirilmektedir. ROmorkdrler bu asamada devreye girmekte ve gemilerin limanda
daha siiratli ve daha giivenli manevra yapmalarini saglamaktadir.

Romorkorler yiiksek manevra kabiliyetli ve boyutlarina gore ¢ok kuvvetli sevk
sistemine sahip olan motorlu teknelerdir. Goérevleri dolayisiyla dayanikli ¢elik
yapilara ve istiin stabilite degerlerine sahip olarak imal edilmektedirler. Cogunlukla
motorlu gemilerin yanastirilip kaldirilmasinda, duba, bar¢ ve benzeri motorsuz
teknelerin bir yerden bir yere gotiiriilmesinde, karaya oturmus, batik veya arizali
gemilerin kurtulma operasyonlarinda, petrol dogalgaz ve benzeri maddelerin
denizaltinda aranmasinda ve sondajinda veya su alt1 kablo boru ve benzeri ekipman
doseyen veya arastirma yapan platformlarin konumlandirma operasyonlarinda
kullanilmaktadirlar. Ayrica yiiksek manevra kabiliyetleri ve giigleri dolayisiyla bazi
ek ekipmanlar aracilii ile yangin sondiirme, batik ¢ikartma ve deniz lizerinde
biriken yaglarin toplanmasi islemlerinde de basari ile kullanilmaktadir.

Limanlarda, kanallarda, nehirlerde ve okyanus hizmeti veren rémorkorleri 4 ana
sinifta toplayabiliriz.

Bu smiflandirma, romorkoriin galistigr yere, verdigi hizmete ve beygir glicline gore
yapilabilir.

Nehir rémorkor
Liman romorkdri
Kiy1 romorkorii
Okyanus romorkori

Bir gemide romorkor ya da romorkdrler kullanmanin ana amact gemilerin karsilastigi
manevra yetenegi eksikligini ortadan kaldirmaktir.
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Belli bir amag igin insa edilen gemiler, amaglarina uygun olarak ¢alisabilmeleri igin
yeterli sephiyeye ve stabiliteye sahip olmalidir.

Sakin su yiizeyi lizerinde hareketsiz duran bir deniz aracina etkiyen iki temel kuvvet
yukaridan asagi yonlenmis agirlik kuvveti (W) ile asagidan yukari ydnlenmis
sephiye, deplasman (A) kuvvetleridir. Geminin istenen su hattinda dengede
olabilmesi i¢in bu su hattindaki sephiye kuvveti ile toplam agirlik birbirine esit ve zit
yonli olmalidir.

Geminin herhangi bir disg kuvvet etkisi altinda (6rnegin yiik yiikleme veya bosaltma,
su alma, riizgar, dalga gibi) agirlik merkezinin konumunun degismesi durumunda
agirlik ve sephiye merkezleri arasindaki uzakliktan dolayr bir moment olusacaktir.
Bu momentin etkisiyle sephiye merkezi agirlik merkezinin yeni konumu ile ayni
diisey dogruya gelecek sekilde gemi meyil veya trim yapacaktir. Olusan moment
gemiyi orijinal durumuna geri getirmeye ¢alisiyorsa Agirlik ve Deplasman kuvvetleri
arasinda pozitif GZ moment kolu olusacaktir. Eger olusan moment gemiyi yatirmaya
calistyorsa negatif bir GZ vardir Eger GZ moment kolu 0 ise yam agirlik ve
deplasman kuvvetleri ayn diisey dogru tizerinden etkiyorsa gemi bu meyil agisinda
dengede kalacaktir

Bu durumda bir deniz aracinin dengeli olarak yilizebilmesi i¢in asagidaki iki kosulun
saglanmasi gerektigi ortaya ¢ikmaktadir:

Yizme kosulu geregi cismin agirlig1 tasirdigl suyun agirligma esit olacaktir yani,
A=W

Pozitif bir dogrultucu moment kolu (GZ) bulunacaktir, yani GZ>0 veya GM>0.

Metasantr ile agirlik merkezinin c¢akigmasi halinde farksiz denge durumu ortaya
cikacaktir. Bu durumda gemiyi dogrultmaya veya devirmeye calisan moment
My = AGZ = AGM sin ¢ olacaktir. Burada ¢ meyil acisin1 gostermektedir. Meyil
acisinin kiiciik degerleri icin My = AGZ = AGM sin ¢ acinin tanjant1 veya kendisi
de kullanilabilir.

Hasars1z durumdaki stabilite, asagida belirtilen isteklere uymalidir:

- MSC Res. 75(69) ile degistirilmis sekliyle, IMO Res. A.749(18), Chapter 3.1°deki
hasarsiz durumdaki stabilite istekleri

- Alternatif olarak, uygulanabilen hallerde, MSC Res. 75(69) ile degistirilmis sekliyle
IMO Res. A.749(18),Chapter 4.5’deki hasarsiz durumdaki stabilite istekleri.

Ayrica, hasarsiz durumdaki stabilite, asagida belirtilen isteklerin birine uygun
olmalidir:

- Gemi boyu dogrultusunda 90°°de etki eden maksimum bollard-pull kuvvetinin
%70’inde elde edilen meyil ettirici kol egrisi ile dogrultucu kol egrisi arasinda kalan
alan 0,09 mrad.’dan az olmamalidir. Alan; iki egrinin birinci kesismesi ile ikinci
kesismesi arasinda veya su dolmasi arasinda (hangisi kiigiikse) hesaplanmalidir.

Alternatif olarak; dogrultucu kol egrisi altinda kalan alan; gemi boyu dogrultusuna
90°°de etki eden maksimum bollard-pull kuvvetinin %70’inde elde edilen meyil
ettirici kol egrisi altindaki alanin 1,4 katindan daha az olmamalidir. Alanlar, 0° ile
ikinci kesisme veya su dolmasi arasinda (hangisi kiiclikse) hesaplanmalidir.

[tme-gekme metodu rémorkériin en hizli hizmet edebilecegi metottur. Ve bu tip
servislerde romorkor tek basina calisabilir. Ancak bordalardan ¢ekme islemi ile
servis yapiliyorsa en az 3 romorkdr ¢aligmalidir.
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Bu c¢alismada Hydromax programi yardimi ile romorkorlerde statik stabilite ve
¢cekme halindeki stabilite analizleri yapilmistir.

Ik boliimde genel olarak romorkorler hakkinda bilgi verilmistir.
Ikinci boliimde stabilitenin genel esaslar1 hakkinda bilgi verilmistir.

Ucgiincii bdliimde Tiirk Loydu stabilite kurallarindaki rémorkérlerle ilgili olan
kisimlar verilmistir.

Dordiincu bolimde cekme romorkdrlere ait, IMO’ya 6nerilen yeni kurallar ve onlarin
mevcut kurallarla farklar1 anlatilmistir.

Son bélimde ise tablolar ve grafikler halinde rémorkériin hidrostatik 6zellikleri ve
stabilite hesaplamalar1 verilmistir.
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STABILITY ANALYSIiS TUGBOAT
SUMMARY

Large ships have problems like that they cannot maneuver safely with their own
means in shallow waters and they have lack of maneuvering ability while berthing,
unberthing and docking. Necessity of “small ships has to help large ships” is to arise
as a best possible way providing additional outer forces for solving these problems.

Ships that provide service in rivers, ports and open seas and are used in fires,
pull/push and turning operations of ships that have limited maneuvering ability or
have lack of maneuvering ability are called as tugboats.

Tugboats have important role in merchant shipping nowadays. Time is very critical
and precious in today’s conditions. As a result, maneuvering, berthing and
unberthing at the soonest time possible are become an inevitable rule. By this
purpose, more economical ships and more rapid management methods are developed
every passing day. Tugboats come into play in this stage and provides more rapid
and safer maneuvering service to ships.

Tugboats are engine-driven ships that have high maneuvering ability and have very
strong propulsion systems compared to their sizes. They are produced as having
durable steel construction and having superior stability values because of their
missions. They are mostly used in:

» Berthing and unberthing operations of large ships

» Towing of pontoons, and barges and other non-motorized ships

» Rescue operations of ships that are stranded, wracked or malfunctioned
>

Positioning operations of offshore platforms that are used in searching and
drilling petroleum, natural gas etc., laying underwater cables, pipes etc. or
doing research

They have high maneuvering performance and power. So, with the help of some
special equipment, they are used in:

» Fire extinguishing operations
» Surfacing shipwrecks
» Collecting waste oil accumulating on sea surface

Tugs that give service in ports, channels, rivers and oceans can be separated to four
main class.

This classification can be done according to working area, given service and horse
power.

> River tug
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» Harbor tug
» Coastal tug
» Ocean-going tug

Main purpose that why tugboats are used in is resolving maneuvering problems of
ships.

Ships that are built for special purposes must have enough buoyancy and stability.
Two main forces that affect a vessel stand still on calm water surface are:

» Force of weight (W) directed from top to down

» Force of buoyancy, displacement (A) directed from down to top

If ship can be on an even keel, force of buoyancy and total weight must be equal and
be contrary to each other in requested waterline.

When center of gravity of ship has been changed under the influence of an outer
force, a moment is been arisen because of distance between center of gravity and
center of buoyancy. By effect of this moment, ship is going to be inclined or be
trimmed while center of buoyancy comes up to same vertical line with new location
of center of gravity. If emerged moment try to bring the ship back to its original
state, a positive GZ arm will be formed between weight and displacement forces. If
GZ moment arm is zero, in other words, weight and displacement forces effects at
the same vertical line, ship will be balanced at this inclination angle.

In this situation, following two conditions need to ensure for floating well-balanced:

» Weight of object must be equal to weight of displaced water by the law of
floating. A=W

» A positive righting lever arm (GZ) shall be present. GZ>0 or GM>0

In the case of metacenter point overlaps with center of gravity, identical equilibrium
condition will be emerged. In this situation, the moment that is righting or capsizing
the ship is My; = AGZ = AGM sin ¢. In here ¢ is anclination angle. For small values
of inclination angle (3-50), tangent of angle or itself can be used.

Intact stability must be comply with below specified requirements:

» As amended MSC Res. 75(69), IMO Res. A.749(18) Chapter 3.1 intact
stability requirements

» Alternatively, where applicable, as amended MSC Res. 75(69), IMO Res.
A.749(18) Chapter 4.5 intact stability requirements

In addition, intact stability must be comply with one of below specified
requirements:

» Area between heeling lever curve that is obtained from %70 of maximum
bollard-pull force affects at 90° in the direction of ship length and righting
lever curve must not be less than 0.09 mrad. Area should be calculated
between first interaction of two curves and second interception of two curves
or flooding point (whichever is less).

> Alternatively, the area under the righting lever curve must not be less than 1.4
times the area under the heeling lever curve that is obtained from %70 of
maximum bollard-pull force affect at 90° in the direction of ship length.
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Areas should be calculated between 0° and second interception or flooding
point (whichever is less).

Pull/push method is the fastest method that a tugboat can be served. Tugboat can
work alone in this kind of services. But, if the service is being performed by towing
from boards, at least three tugboats must work.

IMO’s Sub Committe on Stability And Load Lines And On Fishing Vessels

Safety (SLF)54'[h session was held from 16 January to 20January 2012. Decisions
related to this meeting are summarized hereunder.

Second generation intact stability criteria has been further discussed. It has been
agreed to harmonize, verify, validate and test draft vulnerability criteria (levels 1
and 2) with draft standards that identify the possible susceptibility of a ship to
partial (excessive roll angles/accelerations) or total (capsizing) stability
failures for each mode of failure.

The Sub-Committee recalled that MSC 88 had considered document MSC
88/23/2 (Norway),proposing to develop unified stability criteria and operational
guidance for vessels engaged in towing and anchor handling operations, for
inclusion in Part B of the 2008 IS Code, and included, in the post-biennial agenda of
the Committee, an output on "Development of amendments to Part B of the 2008 1S
Code on towing and anchor operations", with a target completion year of 2014.

Proposed amendments to the 2008 IS Code
The Sub-Committee had for its consideration the following documents:

1- SLF 54/10 (Norway), commenting on the conventional type of towline tripping
criteria for ships engaged in traditional towing, as applied by many
Administrations and recognized organizations, which is still relevant for
certain operations. In the view of Norway, these criteria seem to be outdated
with respect to a new generation of vessels intended for other types of towing
operations. It was proposed that a certain minimum standard be established,
but that the recommended criteria to be used should include the concept
where each particular vessel's stability is analysed with respect to the
intended modes of operation. Relevant proposed amendments to the 2008 IS
Code were included in the annex to the document;

2- SLF 54/INF.5 (Norway), providing background information on the principles for
unified stability criteria and operational guidance for vessels engaged in
towing and anchor handling operations proposed to be incorporated into part
B of the 2008 IS Code; and

3- SLF 54/INF.17 (Finland), providing inform ation on intact stability requirements
for tugboats used in Finland since 1 January 1986. The requirements are valid
for conventional types of tugboat with one propeller (without nozzle) and
with one rudder located in the aft part of the vessel, and also without any bow
thrusters, and are based on the physics with heeling moments acting on the
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vessel during a situation when the vessel is perpendicular to the force from
the towline.

This document presents background information on the principles for unified
stability criteria and operational guidance for vessels engaged in anchor handling
operations.

In this workout, it has been carried out stability analysis of tugboats in case of intact
stability and towing with the help of the computer programs (Maxsurf, Delftship,
Freeship, Hydromax).

In the first section, it has been given information about tugboats.

In the second section, it has been given information about general principles of
stability.

In the third section, it has been given rules related tugboats in Turkish Lloyd stability
rules.

In the fourth section, it has been given new rules proposed to IMO related towing
tugboats and it has been mentioned differences between new proposed rules and
current regulations.

In the last section, it has been given hydrostatic properties and stability calculations
of a selected generic tugboat in tabular and graphical forms.
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1. GIRIS

1.1 Rémorkorlerin Genel Ozellikleri

Romorkdrler veya diger isimleriyle Kilavuz Tekne ve Pilot Botlar genellikle diger
deniz araglarinin manevralarini kolaylagtirmak veya saglamak iizere itme ve ¢ekme
islerinde, eskortluk islerinde kullanilmaktadirlar. Romorkdrler ayni zamanda,
hurdalarin, motorsuz deniz araglarinin ve petrol platformu gibi blylk yizer yapilarin
¢ekilmesi amaciyla da kullanilmaktadirlar. Bunlarin yaninda bazi rémorkorler buz
kirict veya kurtarma gemisi olarak da kullanilir. Romorkdrler oldukga giicli
makinelere sahiptirler. Genellikle ¢ift ana makineleri vardir. Baz1 eklemelerle bircok
ek kullanim 6zelligi de kazanabilirler, mesela yangin sondiiriicii, kisa mesafe hasta

nakil arac1 ya da deniz temizleme araci olarak kullanilabilirler.

Sahip olduklart motor giicli, boyutlarina gore oldukca biiylik olan rémorkarler,
toplam beygir gigleri ve ving/gekme kolu kuvvetleriyle amlmaktadirlar.
Romorkdrlerin ana makineleri 500kW ile 20000kW arasinda gii¢ tiretebilirler.
Normal Kargo ve yolcu gemilerinin Gii¢/Tonaj oran1 (GRT) 0.35 ile 1.20 arasinda
degisirken, bu oran biiyiik romorkdorlerde 2.25 ile 4.0, liman rémorkdrlerinde ise 4.0
ile 9.5 arasindadir. Tiirkiye romorkor iiretiminde Diinya'nin sayil tilkeleri arasinda

yer almaktadir.

1.2 Romorkorlerin Gorev ve Tipini Belirleyen Faktorler

1.2.1 Cahsacagi limanlarin kategorileri ve birbirine yakinhklar:

o Konvansiyonel limanlar
o Cok terminalli limanlar
. Iskele ve mendirekli limanlar



1.2.2 Cevresel kosullar

En temel Ornek romorkoriin draftinin belirlenmesinde ¢evresel kosullarin 6nemidir.

Cevresel kosullar baz1 6zel gereksinimleri uygulamay1 gerektirebilirler.

Ornegin romorkér kutuplara yakin calisacaksa buz kirma 6zelligi gerekebilir ya da
giiclii riizgar ve dalgalara maruz kalacaksa cevresel sartlar stabilite {izerinde 6nemli

rol oynar.

1.2.3 Hizmet edilecek geminin cesidi

Hizmet edilecek geminin g¢esidi de romorkoriin gorev ve tipini  belirlemede dnemli
bir faktordur. Gerekli makine guci, itme-cekme ekipmanlarinin teknik 6zellik ve
yeterlilikleri, manevra ve iist yap1 sekli, hizmet edilecek gemi c¢esidine gore

optimizasyonu yapilacak ve dizaynda degisiklik gosterecek 6zelliklerdendir.

1.2.4 Liman cevresi ve etrafindaki hizmet c¢esitleri

Romorkoériin  limanda yapacagi ise gore de dizayn farklilik gosterir. Limanda
calisacak bir romorkoriin yapacag isler; acik deniz yapilarinin ¢ekilmesi, blylk
gemilerin limana yanastirilmasi, liman temizligi, yangin sondiirme, ilkyardim, sat,
barge cekilmesi, yizen krenynlerin cekilmesi olabilir. Tim bu gorev unsurlari

dizayni degistirecektir.

1.2.5 Cekme metotlari

Bu metotlar da kendi icinde degisiklik gosterir ve dizayna etkirler. Cekme

metodunu belirleyen unsurlar:

o Liman layoutu

o Gemi tipi

. Cevresel kosullar

. Koprii ya da kanallarin varligi

1.2.6 Cahlisan gemiler

Mevcut calisan gemilerden edinilen teknik bilgi ve tecriibe yapilan dizaynin ve gemi
tipinin tehlikeli, avantajli ya da dezavantajh taraflarinin bilinmesinde ve dolayisiyla

dizayn tlizerinde 6nemli rol oynar. O tip romorkdrde yasanilan kazalar, miirettebat



gereksinimleri, zorluk ¢ikartan detaylar ve bir¢ok teknik data sayesinde réomorkor
dizaym etkiler.

1.2.7 Guvenlik gereksinimleri

Giivenlik liman c¢esidi, servis edilecek gemi tipi, ¢evresel kosullar her sey goz
6niinde bulundurularak en maksimum sekilde saglanmalidir. Romorkorler tizerindeki
her ekipman, form, kalite ve her tiirli gemi tipi 6zelligi gilivenligi en iist diizeyde
tutacak sekilde olmalidir.

1.2.8 Hizmet metotlari

. Onden gekme ya da arkadan dogrusal itme

° Geminin bordalarindan hizmet etme

Itme-¢ekme metodu romorkériin en hizli hizmet edebilecegi metottur. Ve bu tip
servislerde romorkor tek basina calisabilir. Ancak bordalardan ¢ekme islemi ile

servis yapiliyorsa en az 3 romorkdr ¢aligsmalidir.

1.3 Romorkor Cesitleri
o Agik deniz romorkorii, standart agik deniz romorkorleri “payload”u (gelir
kazandiran nitelikli yiikiin toplam yiike oran1) uzun ¢elik veya fiber halatlar ile ceker.

o Liman romorkdrleri, limandaki gemilere manevra kolayligi saglamak

amaciyla kullanilirlar.
. Nehir romorkorleri
Sevk sistemine g0Ore romorkorleri smiflandirma;

. Tek pervane rémorkor

Cift pervane rémorkor

Traktorr tipi romorkor
o Azimuth pervaneli romorkor

Tek pervane ve Cift pervane romorkorler genelde sik kullanilan romorkor tipleridir.

Cekme giiciinii artirmak i¢in genelde nozzle kullanilir.



Birgogunun pervanesi sabit ya da degisken acilidir (Fixed or variable pitch
propeller).

Traktor tipi romorkoérlerde pervaneler onde tutulurlar. Bu tip pervane sistemine

Schneider pervane ya da 360° donebilen azimuth pervane denir.

Bu sistemi kigta kullanan romorkérler ¢ift pervaneli olurlar ve diger sistemlerden ¢ok

daha fazla manevra kabiliyetine sahiptirler.



2. GEMILERIN STABILITESI

2.1 Gemiye Etkiyen Statik Kuvvetler

Sakin su yiizeyi lizerinde hareketsiz duran bir deniz aracina etkiyen iki temel kuvvet
yukaridan asagi yonlenmis agirlik kuvveti (W) ile asagidan yukar1 yonlenmis
sephiye, deplasman (A) kuvvetleridir. Geminin istenen su hattinda dengede
olabilmesi i¢in bu su hattindaki sephiye kuvveti ile toplam agirlik birbirine esit ve zit
yonlii olmalidir. Bir gemiye etkiyen sephiye ve agirlik kuvvetleri Sekil 1 *de sematik

olarak gorilmektedir.

<

I

- iy

L agre=l

Sekil 2.1 : Deplasman tipi bir tekneye etkiyen kuvvetler.

Denge kosulu sephiye ve agirlik merkezlerinin ayni diisey dogru iizerinde olmasini
zorunlu kilar. Boylece gemi agirlik ve sephiye merkezleri aym diisey dogrultuda
olacak sekilde uygun meyil ve trim acilarinda yiizecektir. Bu iki merkezin yatay ve

boyuna konumlar1 degistirilerek istenen meyil ve trim agilar1 elde edilebilecektir.

2.2 Geminin Baslangig¢ Stabilitesi

Geminin herhangi bir disg kuvvet etkisi altinda (6rnegin yiik yiikleme veya bosaltma,

su alma, riizgar, dalga gibi) agirlik merkezinin konumunun degismesi durumunda



agirlik ve sephiye merkezleri arasindaki uzakliktan dolayr bir moment olusacaktir.
Bu momentin etkisiyle sephiye merkezi agirlik merkezinin yeni konumu ile ayni
diisey dogruya gelecek sekilde gemi meyil veya trim yapacaktir. Olusan moment
gemiyi orijinal durumuna geri getirmeye calistyorsa Agirlik ve Deplasman kuvvetleri
arasinda pozitif GZ moment kolu olusacaktir. Bu durumu Sekil 2.2.a.’da
goriilmektedir. Eger olusan moment gemiyi yatirmaya calistyorsa negatif bir GZ
vardir ve Sekil.2.2.b.’de goriilen bu durumda olusan moment gemiyi devirmeye
calisacaktir. Eger GZ moment kolu 0 ise yan1 agirlik ve deplasman kuvvetleri ayni
diisey dogru iizerinden etkiyorsa gemi bu meyil agisinda dengede kalacaktir. Farksiz

denge olarak adlandirilan bu durum Sekil 2.2.c.’de goriilmektedir.

M

B B g

(2) (b) (©
Sekil 2.2 : GZ kollar1.

Bu durumda bir deniz aracinin dengeli olarak yiizebilmesi i¢in asagidaki iki kosulun

saglanmasi gerektigi ortaya ¢ikmaktadir:

o Yiizme kosulu geregi cismin agirligr tasirdigr suyun agirhi@ina esit olacaktir
yani, A=W

. Pozitif bir dogrultucu moment kolu (GZ) bulunacaktir, yani GZ>0 veya
GM>0.

Bir geminin herhangi bir etken nedeni ile sancak veya iskele yoniinde meyil yaptigini
diisiinelim. Gemi meyil yaptik¢a su alti formu ve buna bagli olarak ta su alti hacim
merkezinin konumu degisecek ve geminin toplam agirligi ve agirlik merkezinin
konumu sabit kabul edildiginden agirlik ve sephiye kuvvetleri arasinda bir kuvvet
cifti yani moment olusacaktir. Sephiye merkezinden su hattina c¢izilen dikin orta
simetri eksenini kestigi nokta metasantr noktasi olarak adlandirilir ve M harfi ile
gosterilir. Metasantr noktasi (M) agirlik merkezinin (G) iistiinde ise pozitif bir

dogrultucu moment olusacaktir. Aksi durumda negatif bir devirme momenti



olusacaktir. Metasantr ile agirlik merkezinin ¢akigsmasi halinde farksiz denge durumu

ortaya ¢ikacaktir. Bu durumda gemiyi dogrultmaya veya devirmeye ¢alisan moment
My = AGZ = AGM sin ¢ (2.1)

olacaktir. Burada ¢ meyil agisim1 gostermektedir. Meyil acisinin kiigiik degerleri i¢in
My = AGZ = AGM sin ¢ agimn tanjant1 veya kendisi de kullanilabilir. Bu ifade
ancak yaklasik 10 dereceye kadar olan kiiglik meyil agilar i¢in gegerli olup daha
biiylik agilarda giivertenin suya girmesi veya omurganin sudan ¢ikmasi nedeniyle M

noktasinin konumu degisecegi i¢in daha detayli hesaplar yapmak gerekecektir.

Baslangi¢ durumunda ve kii¢iik meyil acilarinda metasantr yiiksekligi sephiye
merkezi ve agirlik merkezinin omurgadan yiiksekligi ve metasantr yiiksekligi

cinsinden asagidaki formiil ile hesaplanabilir.
GM =KB+BM—-KG =0 (2.2)

Buradaki KB ve BM degerleri hidrostatik hesaplardan kolayca belirlenebilir. Boylece
agirlik merkezinin omurgadan yiiksekliginin bilinmesi halinde gemide baslangic
stabilitesinin bulunup bulunmadig1 ve pozitif stabilite bulunmasi durumunda bunun

asirt olup olmadig belirlenebilir.

Yukaridaki ifade baslangi¢ stabilitesinin nasil iyilestirilebilecegi konusunda ipuglar
vermektedir. Burada hatirlanmasi gereken bir nokta asir1 yiikksek GM degerlerinin her
zaman istenmeyecegi ve bazi sakincalart olabilecegidir. Agirlik merkezinin
omurgadan yiiksekligi (KG) baslangic stabilitesini negatif etkilemektedir. Yani
KG’nin digstiriilmesi  baslangic  stabilitesini  1yilestirecektir. Bu  amagla

asagidakilerden biri uygulanabilir:
o Gemideki baz1 agirlik gruplari daha asagi konumlara indirilebilir

. Geminin agirlhik merkezinden daha asagi bir konuma ek agirlik almabilir

(6rnegin balast suyu)

. Gemi agirhik merkezinden daha yukarida bulunan bazi agirlik gruplar
azaltilabilir (Ornegin iist yapida celik yerine GRP veya aliiminyum gibi hafif

malzeme kullanma)

o Gemi i¢indeki serbest yilizey miktar1 azaltilabilir.



Baslangig stabilitesini olumlu etkileyen KB ve BM degerleri ise tekne geometrisine
bagli olarak iyilestirilebilir. Su hatti katsayisinin arttirilmast ile elde edilecek V

kesitli formlar, diisiik prizmatik katsayisi ve voltali su istii formu KB’yi yukari
cekecek ve baslangic stabilitesini iyilestirecektir. Metasantr yaricapt BM =é

seklinde bulunabilir. Burada 1 su hatti enine atalet momenti olup k;LB3 seklinde
ifade edilebilir. Teknenin su altt hacmi de k,LBT seklinde ifade edilebileceginden
metasantr yarigapmin genisligin karesi ile degistigi ortaya c¢ikar. Bu durumda
baslangi¢ stabilitesi lizerinde en biiyiik etkisi olan tekne form parametresinin olarak

gemi genisligi oldugu ortaya ¢ikmaktadir.



3. HASARSIZ STABILITE KURALLARI

Belli bir amag i¢in insa edilen gemiler, amaglarina uygun olarak ¢alisabilmeleri i¢in
yeterli sephiyeye ve stabiliteye sahip olmalidir. Gemiler sefere ¢ikmadan once,
yiikkleme esnasinda limanda ve sefer boyunca da denizde emniyetli bir sekilde
seyredebilmesi icin, gerekli stabilite kriterlerini saglamalidir. Gemilerin stabiliteleri
ile ilgili ¢alismalar ¢ok eskilere dayanmasina ragmen, gemilere uygulanan ilk
Uluslararas1 stabilite kurallart A.167 Onergesiyle 1968 yilinda uygulanmaya
baslanmistir. Bu onergedeki kriterler Rahola’nin 1939 yilinda yaptig1 ¢calismalar baz
almarak gelistirilmistir. Rahola s6z konusu ¢alismasinda, daha once devrilen
gemilerin stabilitelerini incelemis ve bazi kriterler gelistirmistir. A.167 Onergesi
geminin baslangic metasantr yiiksekligi ve geminin dogrultucu moment kolu egrisi
altinda kalan alan degerleri i¢in bazi kriterleri igermektedir. Bu kriterlerin
uygulamalar1 karmasik olmayip c¢ok basittir. Ancak herhangi bir fiziksel modele
dayanmadig i¢in gelistirilmesi zor olup emniyet derecesi de bilinmemektedir. A.167
onergesi 100 m’den kiiciik ylik ve yolcu gemilerine uygulanmak lizere yiiriirliige
konulmustu. A.167 Onergesinin uygulanmasindan kazanilan deneyim sonrasi, bu
onergedeki kriterlerin 100 metreden biiyiik yiik ve yolcu gemilerine uygulanmasi
IMO (Uluslararast denizcilik orgiitii) tarafindan tavsiye edilmistir. Bu onergedeki
kriterler tavsiye olmasina ragmen, iilkeler ve klas kuruluglar1 bu kriterlerin

uygulanmasini zorunlu kilmislardir.

A.167 onergesindeki kriterler gemilere etki eden dis etkilerle ilgili herhangi bir
unsuru nazari dikkate almamaktadir. Bu yilizden, IMO 1985 yilinda A.562
onergesiyle hava kriterlerini yirlrlige koymustur. Bu onergedeki kriterler A.167
onergesinde olmayan dis etkilerden, kotii hava kosullarinda gemilerin saglamasi
gereken kriterler olup oOzellikle projeksiyon alanlar1 biiyiikk olan yolcu, ro-ro
konteyner vb. gibi gemi tiplerine A.167°deki kriterlere ilave olarak uygulanmaya
baglanmistir. IMO A.562 onergesindeki kriterlerin 45 m ve iizeri balik¢1 gemilerine

de uygulanmasini tavsiye etmistir.



IMO 1993 yilinda gemilere uygulanan stabilite kriterlerini A.749(18) 6nergesinde
toplayarak yiiriirliige koymus ve daha 6nce konuyla ilgili yayinladigi 6nergeleri
yiiriirliikten kaldirmistir.ve A749(18) sonradan degisti 2008'de hasarsiz stabilite
kurallar1 ’Intact Stability Code’” ¢ikt.

3.1 Tiim Gemiler icin Gecerli Genel Stabilite Kriterleri

. 0=30%ye kadar dogrultucu moment kolu egrisi altinda kalan alan degeri 0,055
m.radyan’dan az, 0=40° veya su alma acisina kadar hangisi daha kiiciikse, dogrultucu
moment kolu egrisi altinda kalan alan degeri 0,09 m.radyan’dan az olmamalidir.
0=30%den 0=40° veya su alma agisina kadar, hangisi daha kiigiikse, dogrultucu

moment kolu egrisi altinda kalan alan degeri 0,03 m.radyan’dan az olmamalidir.

. Dogrultucu moment kolu degeri, 6=30° veya daha biiyiik bir agida minimum

0,2 m olmalidir.

. Maksimum dogrultucu moment kolu degeri, 6=25°den az tercihen 6=30° den

daha biiyiik bir agida olmalidir.
o Baslangi¢c metasantr yiliksekligi 0,15 m.’den az olmamalidir.

o Yolcu gemilerinde ilave olarak yolcularin bir tarafta toplanmalarindan dolay1
olusacak meyil agis1 0=10° ‘yi gegmemelidir.
Yolcularin bir tarafta toplanmalarinda, olusacak yatirict momentin hesab1 asagidaki

kabullere gore yapilacaktir:

. Yolcularin her birinin agirlig1 75 kg alinabilir ancak bu deger 60 kg’dan daha
az alimamaz. Bu degere ek olarak yolcularin bagajlar da yetkili idarenin 6ngordiigii

oranda eklenir.
. Yolcularin agirlik merkezleri asagida ifade edildigi gibi kabul edilmelidir:

Ayaktaki yolcular i¢in bulunduklar1 giiverteden itibaren 1m. yilikseklikte alinmalidir.
Gerekmesi durumunda yolcularin bulunduklart glivertenin sehim ve siyer degerleri
de dikkate alinabilir. Oturan yolcular i¢in oturduklari yerden itibaren 0,3 m

yiikseklikte alinmalidir.

o Yolcu gemilerinde ilave olarak geminin donmesinden dolay1 olusacak meyil

ag1s1 0=10"yi gegmemelidir.
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4. IMO’YA ONERILEN YENi KURALLAR

4.1 Giris

IMO’nun 54. Donem Stabilite, yiikleme hatt1 ve balik¢t gemilerinin giivenligi alt
komitesil6-20 Ocak 2012 tarihleri arasinda toplanmis olup,toplantiya iliskin
gelismeler ve alinan kararlar asagida 6zetlenmistir.

2008 IS Kod, Kisim B’de ¢ekme ve demir ellegleme operasyonlarinda

yapilacak degisikliklerin gelistirilmesi:

Alt komite, MSC 88’de Norve¢ tarafindan MSC 88/23/2 dokiimani ile Onerilen,
¢ekme ve demir ellegleme operasyonlar1 yapan gemiler i¢in 2008 IS Kodu, Kisim
B’de yer almak iizere, birlestirilmis stabilite kriteri ve operasyonel kilavuz
gelistirilmesi konusunu tekrar giindeme getirmistir ve komitenin yillik glindeminde
yer almasini istemistir. Cekme ve demir ellegleme operasyonlart ig¢in 2008 IS Kod,
Kisim B’de degisiklikler yapilmasi konusu giindeme eklenmis ve hedef tamamlanma

tarthi 2014 olarak 6ngoriilmiistiir.

4.2 Cekme Romorkdrlerinin Operasyonlari

. Cekme islemleri i¢in meyil kolu pervane merkezinden uzaklik veya ¢ekme
halatinin hiicum noktasina esdeger olarak kabul edilmistir. Bu geminin dik durumu

i¢in Olgilmiistiir.

o Cekme pimleri ve arka silindirler standart dizenlemeler temelinde,
sadelestirme amaciyla, ¢apa ellecleme ve ki¢ kaldirma operasyonlarinin moment

kolu hesabinda kig silindirin iist dis kenar1 kullanilir.

. Cekme pimleri ve pervane merkezi arasindaki dikey uzaklik ki¢ silindirin {ist

dis kenarindan 6lgililen uzaklik ile yaklasik olarak aynidir.

. Moment kolunun, ki¢ silindirin {ist dis kenarindan merkeze olan uzakliktan
daha biiylik olmas1 hesaba katmak icin gerekli degildir. Ayni kolu biitiin operasyon

acilar1 i¢in kullanmaya karar verilmistir.
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. Geminin ki¢ silindiri ve merkez hattina miimkiin oldugunca yakin olarak
yerlestirilen ¢gekme pimlerinin ¢ekme diizenlemelerini tesvik etmek igin asagidaki

nedenler sunulmaktadir.

Cekme pimleri su durumdaki yerlestirilmediginde: en dis pimin i¢ kismi ve kig
silindirin kenari tarafindan olusturulan a¢1 15 dereceden biyuktur, enine kol gemi
merkez hattindan ki¢ kenarinin (15 derecelik a¢1 hatti en dis ¢ekme piminin ig

kismindan ¢izilmistir) kesisme noktasina olan uzaklik olarak alinir.

4.3 Stabilite Hesaplari

4.3.1 Cekme operasyonlari icin meyil kolu

o Geleneksel olarak, dimen ve maksimum gug¢ ve dimen alabandadaki
pervane sistemi tarafindan meydana getirilen enine meyil momenti maksimum
¢cekme kuvvetinden tiiretilmis statik enine kuvvet olarak ve ¢ekme hattinda yatay

davranis gostererek kabul edilmistir.

Meyil kolu egrisi meyil agisinin bir fonksiyonu olarak asagidaki gibi hesaplanmistir

_ Fiprhcoso

HL
gho

@ (4.1)

Ay: Yikleme durumunun deplasmanu.

h : Pervane merkezinden uzaklik veya ¢ekme hattinin hiicum noktasina esdeger, dik

gemi durumu i¢in hesaplanir.

F;p,: Gerilmenin enine bileseni, diimen tarafindan olusturulan (Bp*Cy).

. C: tahrik diizenlemesine bagli olan enine itme ve diimen kuvveti azalma
faktoriidiir. Bu deger var olan cesitli sartlarda 0.6dan 0.7ye kadar geleneksel olarak

sabitlenmistir.

Norveg’in diisiincesine gore, bu degerin kullanimi enine kuvvet yaratmak icin gercek
tahrik diizenlemesine verimliligini yansitmak zorundadir. Asagidaki degerler teklif

edilmistir:

1. Cy konvansiyonel diimenli tek veya ¢ift pervaneli tahrik sistemleri ve sabit
veya pervanesiz nozullar i¢in 0.6dan az alinamaz. Bu deger daha sonra hareketli

nozula sahip gemiler igin 0.7ye yikseltilir.
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2. Merkez hattina normal olarak davranabilen tek azimuth iticiler (Z siiriis )

ve dairevi siiriigler i¢in 1,0 degeri uygulanmalidir.

3. Cift azimuth iticiler icin Ct ,(1 + cos y) / 2, alinabilir. Burada da y itici
jetleri arasinda gerceklesen ofset agisidir. Bir tanesi geminin merkez hattina dogru
acida yonlendirilir. Digeri ise onun itici jetinin tanjantt olarak birincinin nozuluyla

kesisir.

4.3.2. Stabilite kriterleri

. Her bir tip operasyon i¢in stabilite sinirlandirma egrilerinin baslangic drafti
veya baslangic KG ve ya GM ine karsti deplasmani ve uygulanan gerilimin
fonksiyonu olarak gelistirilmesi teklif edilmistir, yaz yiikleme durumu ve trim agisina

en diisiik beklenen drafti kapsamaktadir.

o Cekme operasyonlari igin, geminin maksimum ¢ekme guctinden kaynaklanan

stabilite kisitlama egrisinin saglanmasi yeterli olarak diisiiniilmiistiir.

o Asagidaki stabilite egrisine gore stabilite kriteri asagidaki gibi teklif

edilmistir.

Sekil 4.1 : Stabilite egrisi.
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4.4 Limana Cekme Operasyonlari

. Bu gibi operasyonlarda devrilme momentleri hizlica gerceklesebileceginden,
enerjilerin esitligine dayali geminin artik stabilitesini hesaplamak daha uygun

bulunmustur.

o A> B, burada A dogrultma kolu ve meyil kolu egrileri arasindaki alandir.
Meyil agis1 0 den ikinci kesisim agisi 0 ye veya suya girme agist 0¢ ye (hangisi azsa)
olan uzakliktan Ol¢iiliir. Burada B meyil kolu ve dogrultma kolu egrileri arasindaki

alandir. Meyil acis1 0 = 0 dan meyil agis1 0e ye olan uzaklik olarak 6lgiiliir.

4.5 Kiy1 veya Ac¢ik Deniz Cekme Operasyonlar:

. Bu tiir operasyonlar iceren teklif asagidaki teklife dayanmaktadir:

Cekme islemine konu olan bu gemilerin olasilifi liman romorkoriinden daha az
olarak distiniilmustiir (6zelikle kisa bildirimde). Operasyonlar agik denizde

gergeklestiginden beri minimum artik dogrultma kolu alani diistiniiliir.

. Dogrultma kolu egrisi ve meyil kolu egrisi arasindaki minimum artik alan
0.09 m-r dan az olamaz alan ilk iki egrini kesisim noktasin (6. den ikinci kesisim

acis1 O ye veya su basma agist 0f ye, veya hangisi azsa) dan elde edilir.
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5. ESKi KURALLAR VE YENi KURALLARIN KARSILASTIRMASI

16 ocak 2012 tarihinde, IMO’nun 54.oturumunda, mevcut Kurallar yetersizdi,

giivenlik daha 6nemli hale geldi bundan dolay:1 stabilite ve yiik hatlari ve balik¢i

gemileri gilivenligi alt komitesinin ¢ekme ve ¢apa kullanma iglemlerine ait 2008 y1li

B kisitminda degisiklik diizenlemeleri gelistirilmesi ve baslangic stabilitesine iliskin

uluslar arasi kural degisiklikleri 6nerilmistir..

5.1. Yeni Onerilen Kurallar

Limit
(1) Area from 0.00 deg to MaxRA at 15.00
(2) Area from 0.00 deg to MaxRA at 30.00
(3) Area from 30.00 deg to 40.00 or Fold
(4) Righiting Arm at 30.00 deg or MaxRA
(5) Angle from 0.00 deg to MaxRa
(6) GM at Equilibrium

5.2. Mevcut Kurallar

Limit
(1) Area from 0.00 deg to MaxRA at 15.00
(2) Area from 0.00 deg to MaxRA at 30.00
(3) Area from 30.00 deg to 40.00 or Fold
(4) Righiting Arm at 30.00 deg or MaxRA
(5) Angle from 0.00 deg to MaxRa
(6) GM at Equilibrium

5.3. Degisimler

Yeni onerilen kurallar :

Angle from 0.00 deg to MaxRa
Area from 0.00 deg to MaxRA at 15.00
Area from 0.00 deg to MaxRA at 30.00

Mevcut kurallar:

Angle from 0.00 deg to MaxRa

15

Min/Max
>0.0612 m-R

>0.0612 m-R

>0.0300 m-R
>0.200 m-R
>15.00 deg
>0.150 m

Min/Max
>0.055 m-R

>0.055 m-R
>0.0300 m-R
>0.200 m-R
>25.00 deg
>0.150 m

>15.00 deg
>0.0612 m-R
>0.0612 m-R

>25.00 deg



Area from 0.00 deg to MaxRA at 15.00 >0.055 m-R
Area from 0.00 deg to MaxRA at 30.00 >0.055 m-R
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6. ROMORKORLERDE STABILiTE HESAPLARI

RoOmorkoriin - stabilitesinin, teknenin her tiirli servis durumunda ve c¢alisma
pozisyonunda IMO Resolution 2008 hasarsiz stabilite kurallarma uygunlugu
saglanmis olacaktir.

Diizenlenecek olan stabilite bukletinde;

- Geminin genel bir tanitimu,

- Stabilite bukletinin kullanimu ile ilgili talimatlari,

- Normal ¢alisma kosullarina uygun olarak belirli deplasman ve trim araliginda
hesaplanmuis, hidrostatik egriler veya tablolar ve ¢apraz stabilite egrileri,

- Kapasite plani,

- Geminin bos, balasthh ve tam yiiklii durumda kalkis ve varis yiikleme
durumlarina gore stabilite verileri,

- Geminin ¢eki pozisyonundaki stabilite degerleri,

bulunmaktadir.

6.1 Romorkor Hidrostatik Ozellikler

Proje . 26 meter tug
Yorum . CB=0.51 CP=0.61 Displ 408 t.
Dosya Adi : 26m tug.fom
Dizayn boyu :26.300m
Tam boyu :30.000 m
Dizayn genisligi : 9.850m
Tam genisligi : 9.850m
Dizayn draft > 3.000m
Geminin orta noktast @ 13.150 m

Su yogunlugu : 1.025 t/m3
Takinti kat sayis1 :10.000

Hacimsel 6zelikler:

Deplasman hacmi : 398.46 m3
Deplasman : 408.42 tonnes
Toplam su alt1 uzunlugu : 26.609 m
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Toplam su alt1 genisligi
Blok kat sayisi
Prizmatik kat sayisi

Diisey prizmatik kat sayisi

Islak lizey alani

Boyuna sephiye merkezi
Boyuna sephiye merkezi
Enine sephiye merkezi
Diisey sephiye merkezi
Markez nukta 6zelikleri:
Mastor1 kesit alant

Mastor1 kat sayisi

Su hatt1 6zelikleri:

Su hatt1 boyu

Su hatt1 genisligi

Su hatt1 alan1

Su hatt1 kat say1s1

Su hatt1 ylizme markezi
DWL alani diisey agirlik merkezi Y kordinati
DWL nin yarim giris agist
Enine atalet momenti
Boyuna atalet momenti
Baslangic stabilite:

Enine metasenter diisey uzunlugu
Enine metasenter yar1 ¢api
Boyuna enine metasenter
Boyuna metasenter yar1 capi
Yatay dlzlem :

Yatay alan

Boyuna etki merkezi

Diisey etki merkezi

Su hatt1 altinda kalan 6zelikler:

18

9.850 m
0.5068
0.6004
0.6301

302.07 m?
13.520 m
2023%
0.000 m
1.846 m

24.942 m?
0.8441

26.609 m
9.850 m
210.78 m?
0.8042
12.007 m
0.000 m
40.765 degr
1419.9 m*
8939.6 m*

5.409 m
3.563 m
24.281'm
22.435m

69.028 m?
13.624 m
1.552 m



Yatay diizey alan : 82.416 m?
DWL altindaki riizger alan1 agirlhik

merkezinin Z kordinati : 1545m
Basile riizger alani agirlik merkezi

arasinda mesafe 11480 m

6.2 Romorkor Varis Durumu Stabilite Hesabi

Hydromax 13.01, build: 2091

(Lowest precision, 200 sections). Analysis tolerance - ideal(worst case): Disp.%:
0,01000(0,100); Trim%(LCG-TCG): 0,01000(0,100); Heel%(LCG-TCG):
Loadcase-Arrival
Damagecase-intact

Free to trim

Relative Density (specific gravity) = 1,025; (Density = 1,025 tonne/m?3)

Fluid analysis method: Use corrected VCG

Romorkoriin agirlik merkezi = 2.700m
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Cizelge 6.1 :Romorkdr varig durumunda yukleme durumu

Item Name Quantity Sounding m Unit TotalMass Long.Arm m Trans.Armm Vert. Armm UnitFSM TotalFSM FSM Type
Mass tonne tonne.m tonne.m
tonne
Lightship 1 408,400 408,400 12,600 0,000 2,700 0,000 0,000 User Specified
Fuel oill 10% 1,309 55,243 5,524 6,937 2,423 1571 19,033 Maximum
Fuel oil2 10% 1,309 55,243 5,524 6,937 -2,423 1571 19,033 Maximum
Balastl 0% 0,000 15,223 0,000 -1,056 2,496 4412 0,000 Maximum
Balast2 0% 0,000 15,223 0,000 -1,056 -2,496 4412 0,000 Maximum
Dailyl 10% 0,351 19,605 1,960 17,966 2,484 1,179 7,584 Maximum
Daily2 10% 0,351 19,605 1,960 17,966 -2,484 1,179 7,584 Maximum
Sea water 10% 0,449 14,201 1,420 20,857 1,832 1,240 3,730 Maximum
Fresh water 10% 0,449 13,855 1,385 20,857 -1,832 1,240 3,639 Maximum
Lubricant 10% 0,502 8,390 0,839 9,290 1,900 0,655 9,205 Maximum
Sludge 95% 1,653 8,390 7,970 9,052 -2,627 1,325 9,205 Maximum
Black water 95% 2,841 3,366 3,198 23,676 1,499 3,023 0,433 Maximum
Grey water 95% 2,841 3,366 3,198 23,676 -1,499 3,023 0,433 Maximum
Total Loadcase 441,380 12,649 -0,044 2,625 79,880
FS correction 0,181
VCG fluid 2,306
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Sekil 6.1 : Romorkor varig durumu GZ egrisi
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Cizelge 6.2 :Romorkor varig durumunda geminin deyerleri

Heel to Starboard degrees 0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0
Displacement tonne 4414 4414 4414 4414 4414 4414 4414 4414 441,4 4414
Draft at FP m 2,702 2,709 2,735 2,776 2,820 2,859 2,887 2,886 2,835 2,733
Draft at AP m 3,477 3,463 3,415 3,334 3,220 3,071 2,890 2,703 2,510 2,304
WL Length m 28,363 28,382 28,419 28,472 28,542 28,617 28,685 28,732 28,716 28,672
Immersed Depth m 3,399 3,385 3,319 3,387 3,611 3,792 3,933 4,038 4,100 4,123
WL Beam m 9,850 9,888 10,002 10,197 10,185 10,157 10,201 10,014 9,845 9,078
Wetted Area m"2 318,825 316,830 313,318 310,254 307,902 306,503 309,426 311,652 313,863 316,551
Waterpl. Area m"2 232,379 231,068 227,980 225,380 221,642 219,382 210,194 197,450 188,608 179,635
Prismatic Coeff. 0,629 0,630 0,633 0,640 0,649 0,658 0,667 0,667 0,663 0,661
Block Coeff. 0,489 0,489 0,493 0,474 0,445 0,425 0,408 0,405 0,406 0,438
LCB from zero pt. (+ve fwd) m 12,623 12,624 12,626 12,629 12,634 12,640 12,649 12,657 12,663 12,668
VCB from DWL m -1,155 -1,161 -1,177 -1,202 -1,233 -1,262 -1,294 -1,331 -1,366 -1,401
GZm 0,044 0,289 0,528 0,760 0,979 1,180 1,356 1,480 1,564 1,611
LCF from zero pt. (+ve fwd) m 10,775 10,875 11,104 11,342 11,531 11,713 12,089 12,502 12,876 13,155
TCF to zero pt. m 0,000 0,399 0,806 1,191 1,634 2,077 2,340 2,639 2,946 3,148
Max deck inclination deg 1,7 53 10,1 15,0 20,0 25,0 30,0 35,0 40,0 450
Trim angle (+ve by stern) deg 1,7 1,6 15 12 0,9 0,5 0,0 -04 -0,7 -0,9
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Cizelge 6.2 :Romorkdr varig durumunda geminin deyerleri (devami)

Heel to Starboard degrees 50,0 55,0 60,0 65,0 70,0 75,0 80,0 85,0 90,0
Displacement tonne 4414 4414 4413 4414 4414 4414 4414 4414 4414
Draft at FP m 2,589 2,391 2,129 1,760 1,205 0,289 -1,517 -6,995 N/A
Draft at AP m 2,077 1,818 1,499 1,099 0,562 -0,270 -2,007 -7,239 N/A
WL Length m 28,610 28,514 28,370 28,822 29,322 29,628 29,807 29,881 29,937
Immersed Depth m 4,233 4,313 4,361 4,380 4,372 4,336 4,259 4,142 4,013
WL Beam m 8,484 8,022 7,665 7,397 7,215 7,167 6,893 6,736 6,649
Wetted Area m"2 319,084 321,110 322,336 322,686 320,541 318,495 313,412 314,134 315,226
Waterpl. Area m"2 171,965 165,876 161,349 158,807 158,585 153,669 144,453 141,035 138,933
Prismatic Coeff. 0,661 0,661 0,662 0,663 0,664 0,664 0,665 0,668 0,671
Block Coeff. 0,456 0,473 0,490 0,506 0,519 0,527 0,558 0,587 0,614
LCB from zero pt. (+ve fwd) m 12,671 12,671 12,673 12,672 12,668 12,662 12,657 12,651 12,643
VCB from DWL m -1,438 -1,478 -1,521 -1,566 -1,616 -1,669 -1,709 -1,735 -1,753
GZm 1,622 1,601 1,553 1,485 1,402 1,307 1,188 1,048 0,895
LCF from zero pt. (+ve fwd) m 13,368 13,535 13,661 13,738 13,716 13,934 14,138 14,086 14,038
TCF to zero pt. m 3,294 3,400 3,468 3,490 3,443 3,481 3,624 3,630 3,600
Max deck inclination deg 50,0 55,0 60,0 65,0 70,0 75,0 80,0 85,0 90,0
Trim angle (+ve by stern) deg -11 -1,2 -14 -14 -14 -1,2 -11 -0,5 N/A
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Cizelge 6.3: Romorkor varis durumu stabilite hesabi

Code Criteria Value Units Actual Status D//(I)argln
A.749(18) Ch3 -
Design criteria 3.1.2.1: Area 0 to 30 Pass
applicable to all ships
from the greater of
spec. heel angle 0,0 deg 0,0
to the lesser of
spec. heel angle 30,0 deg 30,0
angle of vanishing stability 90,0 deg
shall not be less than (>=) 0.055 m.R 0.387 Pass +605,14
A.749(18) Ch3 -
Design criteria 3.1.2.1: Area 0 to 40 Pass
applicable to all ships
from the greater of
spec. heel angle 0,0 deg 0,0
to the lesser of
spec. heel angle 40,0 deg 40,0
first downflooding angle nfa deg
angle of vanishing stability 90,0 deg
shall not be less than (>=) 0.090 m.R 0.645 Pass +616,62
AT749(18) Ch3 - Design
criteria applicable to all 3.1.2.1: Area 30to 40 Pass
ships
from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 40,0 deg 40,0
first downflooding angle nfa deg
angle of vanishing stability 90,0 deg
shall not be less than (>=) 0.020 m.R 0.257 Pass +757,32
A.749(18) Ch3 -
Design criteria 3.1.2.2: Max GZ at 30 or greater Pass
applicable to all ships
in the range from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 90,0 deg
angle of max. GZ 49,1 deg 49,1
shall not be less than (>=) 0,200 m 1,622 Pass +711,24
Intermediate values
angle at which this GZ occurs deg 49,1
A.749(18) Ch3 -
Design criteria 3.1.2.3: Angle of maximum GZ Pass

applicable to all ships
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Cizelge 6.3: Romorkor varis durumu stabilite hesabi(devami)

Code Criteria Value Units Actual Status L\//(I)argln
shall not be less than (>=) 25,0 deg 49,1 Pass +96,36
o o o shipaon enerta 31,2 4: Initial GMt Pass
shall not be less than (>=) 0,150 m 2,817 Pass +1777,84
A'.749(18) C.h3 - Design 3.1.2.5: Passenger crowding: angle of Not
criteria applicable to all R
- equilibrium Analysed
ships
Pass. crowding arm = nPass M / disp. D
cos™n(phi)
number of passengers: nPass = 10
passenger mass: M = 0,075 tonne
distance from centre line: D = 6,000 m
cosine power: n = 0
Not
shall not be greater than (<=) 10,0 deg Analysed
Intermediate values
Heel arm amplitude m 0,010
A.749(18) Ch3 - Design Not
criteria applicable to all 3.1.2.6: Turn: angle of equilibrium
ships Analysed
Turnarm: a v*2 / (R g) h cos”n(phi)
constant: a = 0,9996
vessel speed: v = 10,000 kts
turn radius, R, as percentage of Lwl 510,00 %
h = KG - mean draught / 2 1,080 m
cosine power: n = 0
Not
shall not be greater than (<=) 10,0 deg Analysed
Intermediate values
Heel arm amplitude m 0,020
4.5 Offshore supply vessel 4.5.&_3.2.1. GZ area between 0 and angle of Pass
maximum GZ
from the greater of
spec. heel angle 0,0 deg 0,0
to the lesser of
angle of first GZ peak 49,1 deg
angle of max. GZ 49,1 deg 49,1
angle of vanishing stability 90,0 deg
lower heel angle 15,0 deg
required GZ area at lower heel angle 0.070 m.R
higher heel angle 30,0 deg
required GZ area at higher heel angle 0.055 m.R
shall not be less than (>=) 0.055 m.Rg 0.900 Pass +1535,4
4.5 Offshore supply vessel 4.5.6.2.2: Area 30 to 40 Pass
from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 40,0 deg 40,0
first downflooding angle na deg
angle of vanishing stability 90,0 deg
shall not be less than (>=) 0.020 m.R 0.257 Pass +757,32
4.5 Offshore supply vessel 4.5.6.2.3: Maximum GZ at 30 or greater Pass
in the range from the greater of
spec. heel angle 30,0 deg 30,0

to the lesser of
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6.3 Romorkor Kalkis Durumu Stabilite Hesabi

Hydromax 13.01, build: 2091

(Lowest precision, 200 sections). Analysis tolerance - ideal(worst case): Disp.%:
0,01000(0,100);  Trim%(LCG-TCG):  0,01000(0,100);  Heel%(LCG-TCG):
0,01000(0,100)

Loadcase-Arrival

Damagecase-intact

Free to trim

Free to Trim ; Relative Density (specific gravity) = 1,025; (Density = 1,025
tonne/m3)

Fluid analysis method: Use corrected VCG

ROmgrkoron agirlik merkezi : 2.700m

Cizelge 6.4: Romorkdr kalkis durumunda yikleme durumu

. Unit Total
. . Unit Total Tran Vert.
Item Quanti Sounding Mass Mass Long. S.Ar Arm FSM FSM FSM Type
Name ty m Armm tonne. tonne
tonne tonne mm m
m .m
Lightship 1 388’4 388’4 12,600 0,000 2,700 0,000 0,000 User Specified
Fuel oill 95% 4,600 25'24 52'48 6,138 2863 3431 ;9'03 Maximum
) 55,24 52,48 - 19,03 ;
9 ) ) ' Maximum
Fuel oil2 95% 4,600 3 1 6,138 2,863 3,431 3
15,22 Maxi
Balastl 0% 0,000 3 0,000 -1,056 2496 4,412 0,000 aximum
Balast2 0% 0,000 D22 0000 056 G, 4d12 0000  Maximum
Dailyl 95% 2,857 égﬁo }18'62 17,977 2,735 2,470 7,584 Maximum
. 19,60 18,62 - Maximum
Daily2 95% 2,857 : 7 17,977 o735 2AT0 7,584
Sea water 95% 2,874 14'20 33'49 20,923 2,203 2,576 3,730 Maximum
Fresh water  95% 2,874 13,85 13,16 20,923 i 2,576 3,639 Maximum
5 1 2,203
Lubricant 95% 1,653 8,390 7,970 9,052 2,627 1,325 9,205 Maximum
Sludge 0% 0,000 8,390 0,000 9,049 ) oaq 1358 0,000 Maximum
\?V!;gl: 0% 0,000 3,366 0,000 23,682 1507 3,070 0,000 Maximum
Grey water 0% 0,000 3,366 0,000 23,682 1507 3070 0,000 Maximum
Total 585,2 69,80
Loadcase 3 12,114 0037 2,792 8
s 0,119
correction

26



1.6

0.47

3.1.2.4: Intial GMt GK:at 0,0 deg =:2,337 m

Combined crie io of areas type:1) - towing heeling arm
0 20 » Heelfg Starboam50 deg. 60 70 =

Sekil 6.2 : Romorkorde kalkis durum GZ egrisi
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Cizelge 6.5: Romorkor kalkis durumunda geminin deyerleri

Heel to Starboard degrees 0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0
Displacement tonne 585,2 585,2 585,2 585,2 585,2 585,2 585,2 585,2 585,2 585,2
Draft at FP m 3,262 3,264 3,269 3,279 3,293 3,293 3,267 3,207 3,120 3,002
Draft at AP m 4,086 4,081 4,065 4,036 3,993 3,981 4,004 4,061 4,152 4,276
WL Length m 28,813 28,863 28,913 28,915 28,919 28,918 28,907 28,884 28,849 28,804
Immersed Depth m 4,004 3,994 3,947 3,978 4,208 4,416 4,598 4,749 4,869 4,956
WL Beam m 9,850 9,888 10,002 10,197 10,473 10,610 10,719 10,451 9,617 8,877
Wetted Area m"2 356,505 356,238 355,700 354,586 357,561 366,107 372,365 377,578 381,907 385,220
Waterpl. Area m"2 243,087 242,667 242,949 243,549 236,264 219,296 207,422 198,890 188,095 177,214
Prismatic Coeff. 0,682 0,682 0,684 0,686 0,690 0,698 0,701 0,695 0,694 0,695
Block Coeff. 0,551 0,550 0,550 0,535 0,493 0,464 0,441 0,438 0,464 0,494
LCB from zero pt. (+ve fwd) m 12,097 12,095 12,095 12,095 12,096 12,095 12,092 12,088 12,081 12,073
VCB from DWL m -1,384 -1,388 -1,401 -1,421 -1,449 -1,498 -1,561 -1,630 -1,706 -1,784
GZm -0,037 0,174 0,384 0,595 0,799 0,963 1,086 1,186 1,259 1,294
LCF from zero pt. (+ve fwd) m 10,553 10,606 10,706 10,870 11,330 11,876 12,372 12,820 13,158 13,405
TCF to zero pt. m 0,000 0,382 0,761 1,158 1,424 1,566 1,816 2,080 2,313 2,553
Max deck inclination deg 18 53 10,1 15,1 20,0 25,0 30,0 350 40,0 45,0
Trim angle (+ve by stern) deg 1,8 1,8 1,7 16 15 15 1,6 19 2,2 2.8
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Cizelge 6.5: Romorkor kalkis durumunda geminin deyerleri (devami)

Heel to Starboard degrees 50,0 55,0 60,0 65,0 70,0 75,0 80,0 85,0 90,0 50,0
Displacement tonne 585,2 585,2 585,2 585,2 585,2 585,2 585,2 585,2 585,2 585,2
Draft at FP m 2,850 2,653 2,395 2,045 1,534 0,708 -0,907 -5,723 N/A 2,850
Draft at AP m 4,440 4,656 4,947 5,353 5,957 6,951 8,922 14,812 N/A 4,440
WL Length m 28,745 28,669 28,585 29,102 29,463 29,717 29,883 29,970 30,026 28,745
Immersed Depth m 5,133 5,277 5,388 5,465 5,510 5,529 5,560 5,693 5,794 5,133
WL Beam m 8,305 7,860 7,515 7,254 7,065 6,946 6,958 6,906 6,786 8,305
Wetted Area m"2 388,250 390,990 393,471 395,606 397,564 399,054 400,104 400,722 401,763 388,250
Waterpl. Area m"2 168,371 161,344 155,910 151,758 148,876 146,817 145,394 143,562 142,118 168,371
Prismatic Coeff. 0,696 0,697 0,699 0,701 0,703 0,704 0,706 0,708 0,710 0,696
Block Coeff. 0,510 0,524 0,536 0,548 0,558 0,566 0,561 0,553 0,552 0,510
LCB from zero pt. (+ve fwd) m 12,063 12,051 12,039 12,026 12,013 12,001 11,989 11,978 11,967 12,063
VCB from DWL m -1,861 -1,935 -2,005 -2,069 -2,126 -2,176 -2,217 -2,249 -2,268 -1,861
GZm 1,298 1,276 1,234 1,175 1,101 1,016 0,921 0,818 0,706 1,298
LCF from zero pt. (+ve fwd) m 13,608 13,781 13,935 14,064 14,183 14,265 14,306 14,252 14,171 13,608
TCF to zero pt. m 2,763 2,945 3,101 3,229 3,330 3,402 3,454 3,502 3,537 2,763
Max deck inclination deg 50,0 55,0 60,0 65,0 70,0 75,0 80,0 85,0 90,0 50,0
Trim angle (+ve by stern) deg 35 44 55 72 9,6 134 20,5 38,0 N/A 35
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Cizelge 6.6: Romorkor kalkis durumu stabilite hesabi

Code Criteria Value Units Actual Status Margin
%

A.749(18) 3.1.2.1: Area 0 to 30 Pass

Ch3 - Design

criteria

applicable to

all ships
from the greater of
spec. heel angle 0,0 deg 0,0
to the lesser of
spec. heel angle 30,0 deg 30,0
angle of vanishing stability 90,0 deg
shall not be less than (>=) 0.055 m.R 0.300 Pass +447,18
A.749(18) 3.1.2.1: Area 0to 40 Pass
Ch3 - Design
criteria

applicable to

all ships

from the greater of

spec. heel angle 0,0 deg 0,0

to the lesser of

spec. heel angle 40,0 deg 40,0

first downflooding angle n/a deg

angle of vanishing stability 90,0 deg

shall not be less than (>=) 0.090 m.R 0.507 Pass +463,48
A.749(18) 3.1.2.1: Area 30to 40 Pass
Ch3 - Design
criteria

applicable to

all ships

from the greater of

spec. heel angle 30,0 deg 30,0

to the lesser of

spec. heel angle 40,0 deg 40,0

first downflooding angle nfa deg

angle of vanishing stability 90,0 deg

shall not be less than (>=) 0.020 m.R 0.206 Pass +587,45
A.749(18) 3.1.2.2: Max GZ at 30 or greater Pass
Ch3 - Design
criteria
applicable to
all ships

in the range from the greater of
spec. heel angle 30,0 deg 30,0

to the lesser of
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Cizelge 6.6: Romorkor kalkis durumu stabilite hesabi(devami)

Code Criteria Value Units Actual Status Margin
%
spec. heel angle 90,0 deg
angle of max. GZ 48,2 deg 48,2
shall not be less than (>=) 0,200 m 1,300 Pass +549,85
Intermediate values
angle at which this GZ occurs deg 48,2
A.749(18) 3.1.2.3: Angle of maximum GZ Pass
Ch3 - Design
criteria
applicable to
all ships
shall not be less than (>=) 25,0 deg 48,2 Pass +92,73
A.749(18) 3.1.2.4: Initial GMt Pass
Ch3 - Design
criteria
applicable to
all ships
shall not be less than (>=) 0,150 m 2,434 Pass +1522,5
A.749(18) 3.1.2.5: Passenger crowding: Pass
Ch3 - Design angle of equilibrium
criteria
applicable to
all ships
Pass. crowding arm = nPass M /
disp. D cos”n(phi)
number of passengers: nPass = 10
passenger mass: M = 0,075 tonne
distance from centre line: D = 6,000 m
cosine power: n = 0
shall not be greater than (<=) 10,0 deg 11 Pass +89,45
Intermediate values
Heel arm amplitude m 0,008
A.749(18) 3.1.2.6: Turn: angle of equilibrium Pass
Ch3 - Design
criteria
applicable to
all ships
Turn arm: a v2 / (R g) h
cos”n(phi)
constant: a = 0,9996
vessel speed: v = 10,000 kts
turn radius, R, as percentage of lw 510,00 %
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Cizelge 6.6: Romorkor kalkis durumu stabilite hesabi(devami)

Code Criteria Value Units Actual Status Margin
%
h = KG - mean draught / 2 0,955 m
cosine power: n = 0
shall not be greater than (<=) 10,0 deg 1,3 Pass +87,13
Intermediate values
Heel arm amplitude m 0,018
4.5 Offshore 4.5.6.2.1: GZ area between 0 and Pass
supply vessel angle of maximum GZ
from the greater of
spec. heel angle 0,0 deg 0,0
to the lesser of
angle of first GZ peak 48,2 deg
angle of max. GZ 48,2 deg 48,2
angle of vanishing stability 90,0 deg
lower heel angle 15,0 deg
required GZ area at lower heel 4,0110 m.deg
angle
higher heel angle 30,0 deg
required GZ area at higher heel 0.055 m.R
angle
shall not be less than (>=) 0.055 m.R 0.690 Pass +1156,24
4.5 Offshore 4.5.6.2.2: Area 30 to 40 Pass
supply vessel
from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 40,0 deg 40,0
first downflooding angle n/a deg
angle of vanishing stability 90,0 deg
shall not be less than (>=) 0.020 m.R 0.206 Pass +587,45
4.5 Offshore 4.5.6.2.3: Maximum GZ at 30 or Pass
supply vessel greater
in the range from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 90,0 deg
angle of max. GZ 48,2 deg 48,2
shall not be less than (>=) 0,200 m 1,300 Pass +549,85
Intermediate values
angle at which this GZ occurs deg 48,2
4.5 Offshore 4.5.6.2.4: Angle of maximum GZ Pass
supply vessel
limited by first GZ peak angle 48,2 deg 48,2
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Cizelge 6.6: Romorkor kalkis durumu stabilite hesabi(devami)

Code Criteria Value Units Actual Status Margin
%

shall not be less than (>=) 15,0 deg 48,2 Pass +221,21
4.5 Offshore 4.5.6.2.5: Initial GMt Pass
supply vessel

spec. heel angle 0,0 deg

shall be greater than (>) 0,150 m 2,434 Pass +1522,5
IMO kurallari Combined criteria (ratio of areas Pass

type 1) - towing heeling arm

Towline Pull arm = T (v

cos™n(phi+tau) - h sin(phi+tau)) /

(gdisp.)

tension or thrust: T = 500000,00 N
vertical separation of propeller 8,000

centre and tow attachment: v =

horizontal ~ offset  of  tow 4,000 m
attachment: h =

angle of tow above horizontal: tau 15,0 deg

cosine power: n = 1

Areal integrated from the greater

of

spec. heel angle 0,0 deg

angle of equilibrium (with heel 11,9 deg 11,9
arm)

to the lesser of

spec. heel angle 70,0 deg

angle of first GZ peak 48,2 deg

angle of max. GZ 48,2 deg 48,2
angle of max. GZ above heel arm 49,0 deg

first downflooding angle nfa deg

angle of vanishing stability (with nfa deg

heel arm)

Area? integrated from the greater

of

spec. heel angle 0,0 deg

angle of equilibrium (ignoring 0,9 deg 0,9
heel arm)

to the lesser of

spec. heel angle 90,0 deg
angle of first GZ peak 48,2 deg
angle of max. GZ 48,2 deg 48,2
angle of max. GZ above heel arm 49,0 deg
first downflooding angle n/a deg
angle of vanishing stability 90,0 deg

(ignoring heel arm)
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Cizelge 6.6: Romorkor kalkis durumu stabilite hesabi(devami)

Code Criteria Value Units Actual Status Margin
%

Angle for GZ(max) in GZ ratio,

the lesser of:

spec. heel angle 50,0 deg
angle of first GZ peak 48,2 deg
angle of max. GZ 48,2 deg 48,2
first downflooding angle n/a deg

Select required angle for angle of MarginlineImmersionAngle

steady heel ratio:

Criteria: Pass

Angle of steady heel shall be less 15,0 deg 11,9 Pass +20,66
than (<)

first downflooding angle nfa deg

Angle of steady heel / Marginline 80,000 % 76,285 Pass +4,64

immersion angle shall not be

greater than (<=)

Areal / Area2 shall be greater 40,000 % 71,375 Pass +78,44
than (>)

GZ(intersection) / GZ(max) shall 60,000 % 35,691 Pass +40,52
be less than (<)

Area 1 shall not be less than (>=) 0.090 m.R 0.493 Pass

Intermediate values

Heel arm constant 0,0871

amplitude of cos component m 8,000

amplitude of sin component m 4,000

Marginline immersion angle deg 15,6

Areal (under GZ), from 11,9 to m.R 0.646

48,2 deg.

Areal (under HA), from 11,9 to m.R 0.153

48,2 deg.

Areal, from 11,9 to 48,2 deg. m.R 0.493

Area2, from 0,9 to 48,2 deg. m.R 0.691

GZ(intersection) m 0,464

GZ(max) m 1,300

34



6.4 Romorkor Tam Yukli Durumda Stabilite Hesabi

Hydromax 13.01, build: 2091

(Lowest precision, 200 sections). Analysis tolerance - ideal(worst case): Disp.%:
0,01000(0,100);  Trim%(LCG-TCG):  0,01000(0,100);  Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - Full load

Damage Case - Intact

Free to Trim ; Relative Density (specific gravity) = 1,025; (Density = 1,025
tonne/m?3)

Fluid analysis method: Use corrected VCG

Romorkoriin agirlik merkezi = 2.700 m.

Tam ylik durumunda balast tanklar,yakit tanklari,su tanklar1 ve tam tanklarin yiik

durumu 95% olmaktadir

Cizelge 6.7: Romorkor tam yukli durumda yiikleme durumu

Item Quantity Sounding Unit Total Long.Arm Trans.Arm Vert.Arm Unit Total Item
Name m Mass Mass m m m FSM FSM Name
tonne tonne tonne.m  tonne.m
Lightship 1 408,400 408,400 12,600 0,000 2,700 0,000 0,000 Lightship
Fuel oill 95% 4,600 55,243 52,481 6,138 2,863 3431 19,033 Fuel oill
Fuel oil2 95% 4,600 55,243 52,481 6,138 -2,863 3,431 19,033 Fuel oil2
Balastl 95% 2,321 15,223 14,462 -1,053 2,493 4,361 7,132 Balastl
Balast2 95% 2,321 15,223 14,462 -1,053 -2,493 4,361 7,132 Balast2
Dailyl 95% 2,857 19,605 18,624 17,977 2,735 2,470 7,584 Dailyl
Daily2 95% 2,857 19,605 18,624 17,977 -2,735 2,470 7,584 Daily2
Sea water 95% 2,874 14,201 13,490 20,923 2,203 2,576 3,730 Sea water
Fresh 95% 2,874 13,855 13,161 20,923 -2,203 2,576 3,639 Fresh
water water
Lubricant 95% 1,653 8,390 7,970 9,052 2,627 1,325 9,205 Lubricant
Sludge 95% 1,653 8,390 7,970 9,052 -2,627 1,325 9,205 Sludge
Black 95% 2,841 3,366 3,198 23,676 1,499 3,023 0,433 Black
water water
Grey 95% 2,841 3,366 3,198 23,676 -1,499 3,023 0,433 Grey
water water
Total 628,522 11,587 0,001 2,848 94,143 Total
Loadcase Loadcase
FS 0,150 FS
correction correction
VCG 2,998 VCG
fluid fluid
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Cizelge 6.8: Romorkdr tam yukli durumunda geminin deyerleri

Heel to Starboard degrees 0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0
Displacement tonne 6285 6285 628,5 628,5 628,5 628,5 628,5 628,5 628,6 628,5
Draft at FP m 3,125 3124 3,122 3,116 3,086 3038 2063 2850 2707 2524
Draft at AP m 4,465 4,465 4,460 4,454 4,493 4,587 4,728 4915 5,159 5,466
WL Length m 28,876 28,875 28,873 28,869 28,858 28,843 28,819 28,783 28,738 28,681
Immersed Depth m 4,331 4,325 4,281 4,205 4,392 4,632 4,850 5,038 5,200 5,333
WL Beam m 9,850 9,888 10,002 10,197 10,449 10,708 10,833 10,375 9,586 8,850
Wetted Area m"2 366,66 366,47 366,14 370,71 382,17 390,88 396,85 401,97 406,56 409,73
2 5 6 4 6 3 4 2 9 1
Waterpl. Area m"2 244,53 244,98 245,60 241,39 226,86 212,54 201,55 193,06 183,71 173,34
9 2 1 5 5 5 4 9 8 3
Prismatic Coeff. 0,698 0,698 0,699 0,700 0,700 0,705 0,715 0,711 0,709 0,708
Block Coeff. 0,547 0,546 0,545 0,544 0,508 0,470 0,444 0,446 0,468 0,494
LCB from zero pt. (+ve fwd) m 11558 11558 11557 11556 11552 11546 11538 11527 11514 11498
VCB from DWL m -1,430 -1,434 -1,447 -1,469 -1,513 -1,585 -1,670 -1,760 -1,858 -1,958
GZm 0,001 0,199 0,399 0,597 0,765 0,893 0992 1,071 1,126 1,152
LCF from zero pt. (+ve fwd) m 10,452 10,474 10,562 10,902 11,468 11,980 12,449 12,857 13,150 13,375
TCF to zero pt. m 0,000 0,361 0,750 1,024 1,097 1,249 1535 1,806 2031 2287
Max deck inclination deg 2,9 58 10,4 15,3 20,2 252 30,2 35,2 40,2 452
Trim angle (+ve by stern) deg 29 29 29 29 31 34 38 45 53 6,4
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Cizelge 6.8: Romorkdr tam yikli durumunda geminin deyerleri (devami)

Heel to Starboard degrees 50,0 55,0 60,0 65,0 70,0 75,0 80,0 85,0 90,0
Displacement tonne 628,5 628,5 6285 628,5 6285 6285 6285 628,6 628,6
Draft at FP m 2,294 1,999 1,616 1,092 0,325 0,928 -3,409 -10,802 N/A
Draft at AP m 5,850 6,340 6,981 7,866 9,172 11,317 15,563 28,192 N/A
WL Length m 28,594 28,468 28,270 28,485 28,930 29,352 29,626 29,869 30,015
Immersed Depth m 5,558 5,750 5,910 6,043 6,180 6,432 6,642 6,805 6,925
WL Beam m 8,281 7,839 7,498 7,240 7,056 6,998 7,062 6,901 6,796
Wetted Area m"2 409,731 412,477 414,934 417,122 418,986 422,075 423,071 424,289 425,651
Waterpl. Area m"2 173,343 164,597 157,607 152,096 147,751 142,058 139,871 138,038 136,889
Prismatic Coeff. 0,708 0,709 0,709 0,710 0,712 0,714 0,715 0,717 0,720
Block Coeff. 0,494 0,507 0,518 0,526 0,533 0,518 0,497 0,497 0,496
LCB from zero pt. (+ve fwd) m 11,498 11,480 11,461 11,442 11,422 11,385 11,368 11,356 11,342
VCB from DWL m -1,958 -2,055 -2,148 -2,233 -2,311 -2,437 -2,483 -2,515 -2,533
GZm 1,152 1,151 1,127 1,085 1,028 0,880 0,792 0,697 0,595
LCF from zero pt. (+ve fwd) m 13,375 13,569 13,735 13,878 13,993 14,155 14,163 14,133 14,088
TCF to zero pt. m 2,287 2,523 2,733 2,917 3,074 3,318 3,415 3,500 3,560
Max deck inclination deg 45,2 50,2 55,2 60,2 65,2 75,1 80,1 85,0 90,0
Trim angle (+ve by stern) deg 6,4 7,7 94 115 145 25,0 35,8 56,0 N/A
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Cizelge 6.9: Romorkor tam yukli durumda stabilite hesabi

Code Criteria Value Units Actual Status ::)argm
A.749(18)
Ch3 - Design
criteria 3.1.2.1: Area 0to 30 Pass
applicable to
all ships

from the greater of

spec. heel angle 0,0 deg 0,0

to the lesser of

spec. heel angle 30,0 deg 30,0

angle of vanishing stability 90,0 deg

shall not be less than (>=) 0.055 m.R 0.292 Pass +432,7
A.749(18)
Ch3 - Design
criteria 3.1.2.1: Area 0to 40 Pass
applicable to
all ships

from the greater of

spec. heel angle 0,0 deg 0,0

to the lesser of

spec. heel angle 40,0 deg 40,0

first downflooding angle n/a deg

angle of vanishing stability 90,0 deg

shall not be less than (>=) 0.090 m.R 0.479 Pass +432,33
A.749(18)
Ch3 - Design
criteria 3.1.2.1: Area 30 to 40 Pass
applicable to
all ships

from the greater of

spec. heel angle 30,0 deg 30,0

to the lesser of

spec. heel angle 40,0 deg 40,0

first downflooding angle nfa deg

angle of vanishing stability 90,0 deg

shall not be less than (>=) 0.020 m.R 0.185 Pass +520,53
A.749(18)
Ch3 - Design
criteria 3.1.2.2: Max GZ at 30 or greater Pass
applicable to
all ships
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Cizelge 6.9: Romorkor tam yukli durumda stabilite hesabi(devami)

Code Criteria Value Units Actual Status L\;I)argm
in the range from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 90,0 deg
angle of max. GZ 473 deg 473
shall not be less than (>=) 0,200 m 1,155 Pass +477,28
Intermediate values
angle at which this GZ occurs deg 473
A.749(18)
Ch3 - Design
criteria 3.1.2.3: Angle of maximum GZ Pass
applicable to
all ships
shall not be less than (>=) 25,0 deg 473 Pass +89,09
A.749(18)
Ch3 - Design
criteria 3.1.2.4: Initial GMt Pass
applicable to
all ships
shall not be less than (>=) 0,150 m 2,289 Pass +1426,33
A.749(18)
Ch3 - Design
o 3.1.2.5: Passenger crowding: angle of
criteria Pass
. equilibrium
applicable to
all ships
Pass. crowding arm = nPass M / disp.
D cos”n(phi)
number of passengers: nPass = 10
passenger mass: M = 0,075 tonne
distance from centre line: D = 6,000 m
cosine power: n = 0
shall not be greater than (<=) 10,0 deg 0,2 Pass +97,92
Intermediate values
Heel arm amplitude m 0,007
A.749(18)
Ch3 - Design
criteria 3.1.2.6: Turn: angle of equilibrium Pass
applicable to
all ships
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Cizelge 6.9: Romorkor tam yukli durumda stabilite hesabi(devami)

Code Criteria Value Units Actual Status ::)argm
Turnarm: a v*2 / (R g) h cos™n(phi)
constant: a = 0,9996
vessel speed: v = 10,000 kts
turn radius, R, as percentage of Lwl 510,00 %
h = KG - mean draught / 2 0,950 m
cosine power: n = 0
shall not be greater than (<=) 10,0 deg 0,5 Pass +95,36
Intermediate values
Heel arm amplitude m 0,017
4.5 Offshore 4.5.6.2.1: GZ area between 0 and
supply vessel angle of maximum GZ Pass
from the greater of
spec. heel angle 0,0 deg 0,0
to the lesser of
angle of first GZ peak 473 deg
angle of max. GZ 473 deg 473
angle of vanishing stability 90,0 deg
lower heel angle 15,0 deg
required GZ area at lower heel angle 0.700 m.R
higher heel angle 30,0 deg
required GZ area at higher heel angle 0.050 m.R
shall not be less than (>=) 0.050 m.R 0.624 Pass +1035,55
4.5 Offshore
supply vessel 4.5.6.2.2: Area 30 to 40 Pass
from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 40,0 deg 40,0
first downflooding angle n/a deg
angle of vanishing stability 90,0 deg
shall not be less than (>=) 0.020 m.R 0.185 Pass +520,53
4.5 Offshore 4.5.6.2.3: Maximum GZ at 30 or
supply vessel greater Pass
in the range from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 90,0 deg
angle of max. GZ 473 deg 473
shall not be less than (>=) 0,200 m 1,155 Pass +477,28
Intermediate values
angle at which this GZ occurs deg 473
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Cizelge 6.9: Romorkor tam yukli durumda stabilite hesabi(devami)

o . Margin
Code Criteria Value Units Actual Status o
(o]
4.5 Offshore .
4.5.6.2.4: Angle of maximum GZ Pass
supply vessel
limited by first GZ peak angle 473 deg 473
shall not be less than (>=) 15,0 deg 473 Pass +215,15
4.5 Offshore o
4.5.6.2.5: Initial GMt Pass
supply vessel
spec. heel angle 0,0 deg
shall be greater than (>) 0,150 m 2,289 Pass +1426,33

Combined criteria (ratio of areas type

IMO kurallari . . Fail
1) - towing heeling arm
Towline Pull arm = T (v

cos™n(phi+tau) - h sin(phi+tau)) / (g

disp.)

tension or thrust: T = 500000,00 N

vertical separation of propeller centre

and tow attachment: v = 8,000 m

horizontal offset of tow attachment: h

_ 4,000 m

angle of tow above horizontal: tau = 15,0 deg

cosine power: n = 1

Areal integrated from the greater of

spec. heel angle 0,0 deg

angle of equilibrium (with heel arm) 11,0 deg 11,0
to the lesser of

spec. heel angle 70,0 deg

angle of first GZ peak 47,3 deg

angle of max. GZ 473 deg 473
angle of max. GZ above heel arm 49,0 deg

first downflooding angle n/a deg

angle of vanishing stability (with

heel arm) Wa deg

Area? integrated from the greater of

spec. heel angle 0,0 deg

::ril)e of equilibrium (ignoring heel 00 deg 00
to the lesser of

spec. heel angle 90,0 deg

angle of first GZ peak 473 deg

angle of max. GZ 473 deg 473
angle of max. GZ above heel arm 49,0 deg

first downflooding angle n/a deg

angle of vanishing stability (ignoring 90,0 deg

heel arm)
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Cizelge 6.9: Romorkor tam yukli durumda stabilite hesabi(devami)

o . Margin
Code Criteria Value Units Actual Status y
0
Angle for GZ(max) in GZ ratio,
the lesser of:
spec. heel angle 50,0 deg
angle of first GZ peak 473 deg
angle of max. GZ 473 deg 473
first downflooding angle n/a deg
Select required angle for angle of o .
. MarginlineImmersionAngle
steady heel ratio:
Criteria: Fail
Angle of steady heel shall be less
15,0 deg 11,0 Pass +26,49
than (<)
Angle of steady heel / Marginline
immersion angle shall not be 80,000 % 103,730 Fail -29,66
greater than (<=)
Areal / Area2 shall be greater than
) 40,000 % 69,364 Pass +73,41
>
GZ(intersection) / GZ(max) shall
60,000 % 38,177 Pass +36,37
be less than (<)
Area 1 shall not be less than (>=) 0.090 m.R 0.433 Pass
Intermediate values
Heel arm constant 0,0811
amplitude of cos component m 8,000
amplitude of sin component m 4,000
Marginline immersion angle deg 10,6
Areal (under GZ), from 11,0 to
m.R 0.582
47,3 deg.
Areal (under HA), from 11,0 to
m.R 0.150
47,3 deg.
Areal, from 11,0 to 47,3 deg. m.R 0.433
Area2, from 0,0 to 47,3 deg. m.R 35,7813
GZ(intersection) m 0,441
GZ(max) m 1,155
Areal / Area2 shall be greater than
) 40,000 % 69,364 Pass +73,41
>
GZ(intersection) / GZ(max) shall
60,000 % 38,177 Pass +36,37

be less than (<)
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6.5 Romorkor light ship Durumu Stabilite Hesabi
Hydromax 13.01, build: 2091

(Lowest precision, 200 sections). Analysis tolerance - ideal(worst case): Disp.%:
0,01000(0,100);  Trim%(LCG-TCG):  0,01000(0,100);  Heel%(LCG-TCG):
0,01000(0,100)

Loadcase - Lightship

Damage Case — Intact

Free to Trim ; Relative Density (specific gravity) = 1,025; (Density = 1,025
tonne/m”3)

Fluid analysis method: Use corrected VCG

Romorkoriin agirlik merkezi = 2.700m

Cizelge 6.10: Romorkdr lightship durumunda yukleme durumu

. Unit Total Unit Total
. Sounding Long.Arm Trans.Arm Vert. Arm FSM
Item Name Quantity Mass Mass FSM FSM
m m m m Type
tonne tonne tonne.m tonne.m
. . User
Lightship 1 408,400 408,400 12,600 0,000 2,700 0,000 0,000 .
Specified
Fuel oill 0% 0,000 55,243 0,000 6,131 2,868 3,526 0,000 Maximum
Fuel oil2 0% 0,000 55,243 0,000 6,131 -2,868 3,526 0,000 Maximum
Balastl 0% 0,000 15,223 0,000 -1,056 2,496 4,412 0,000 Maximum
Balast2 0% 0,000 15,223 0,000 -1,056 -2,496 4,412 0,000 Maximum
Dailyl 0% 0,000 19,605 0,000 17,977 2,739 2,543 0,000 Maximum
Daily2 0% 0,000 19,605 0,000 17,977 -2,739 2,543 0,000 Maximum
Sea water 0% 0,000 14,201 0,000 20,924 2,212 2,644 0,000 Maximum
Fresh water 0% 0,000 13,855 0,000 20,924 -2,212 2,644 0,000 Maximum
Lubricant 0% 0,000 8,390 0,000 9,049 2,644 1,358 0,000 Maximum
Sludge 0% 0,000 8,390 0,000 9,049 -2,644 1,358 0,000 Maximum
Black water 0% 0,000 3,366 0,000 23,682 1,507 3,070 0,000 Maximum
Grey water 0% 0,000 3,366 0,000 23,682 -1,507 3,070 0,000 Maximum
Total
408,400 12,600 0,000 2,700 0,000
Loadcase
FS correction 0,000
VCG fluid 2,700
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Cizelge 6.11: Romorkor lightship durumunda geminin deyerleri

Heel to Starboard degrees 0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0
Displacement tonne 408,4 4084 4084 4084 4084 4084 4084 4084 4084 4084
Draft at FP m 2,455 2,464 2,494 2,537 2,579 2,616 2,642 2,636 2,581 2,466
Draft at AP m 3,412 3,396 3,342 3,253 3,131 2,971 2,768 2,547 2,314 2,062
WL Length m 28,243 28,262 28,298 28,346 28,404 28,466 28,529 28,570 28,586 28,553
Immersed Depth m 3,317 3,300 3,229 3,239 3,461 3,640 3,775 3,871 3,927 3,943
WL Beam m 9,850 9,888 10,002 10,181 10,061 10,031 9,930 9,722 9,672 9,135
Wetted Area m"2 309,490 307,223 303,054 299,915 297,465 295,921 295,775 297,671 299,677 301,756
Waterpl. Area m"2 230,001 227,966 224,420 220,949 216,594 214,126 207,593 194,425 185,861 178,484
Prismatic Coeff. 0,615 0,616 0,621 0,629 0,639 0,649 0,658 0,663 0,659 0,655
Block Coeff. 0,464 0,465 0,469 0,460 0,435 0,415 0,404 0,403 0,399 0421
LCB from zero pt. (+ve fwd) m 12,569 12,570 12,572 12,576 12,580 12,586 12,595 12,604 12,612 12,618
VCB from DWL m -1,090 -1,096 -1,114 -1,142 -1,174 -1,205 -1,236 -1,268 -1,298 -1,327
GZm 0,000 0,266 0,525 0,776 1,006 1,216 1,406 1,539 1,628 1,685
LCF from zero pt. (+ve fwd) m 10,770 10,902 11,138 11,357 11,543 11,730 11,992 12,362 12,719 13,022
TCF to zero pt. m 0,000 0,403 0,809 1,203 1,647 2,077 2,457 2,738 3,022 3,243
Max deck inclination deg 2,1 54 10,2 15,1 20,0 25,0 30,0 35,0 40,0 45,0
Trim angle (+ve by stern) deg 21 2,0 18 1,6 1,2 08 0,3 -0,2 -0,6 -0,9
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Cizelge 6.11

: Romorkdr lightship durumunda geminin deyerleri (devami)

Heel to Starboard degrees 50,0 55,0 60,0 65,0 70,0 75,0 80,0 85,0 90,0 50,0
Displacement tonne 408,4 408,4 408,4 408,4 408,4 408,4 408,4 408,4 408,4 408,4
Draft at FP m 2,300 2,073 1,768 1,330 0,678 -0,383 -2,543 -9,106 N/A 2,300
Draft at AP m 1,783 1,458 1,062 0,567 -0,115 -1,279 -3,613 -10,488 N/A 1,783
WL Length m 28,468 28,337 28,125 28,442 28,996 29,400 29,657 29,813 29,880 28,468
Immersed Depth m 4,046 4,119 4,162 4,178 4,166 4,118 4,028 3,906 3,757 4,046
WL Beam m 8,535 8,068 7,709 7,445 7,286 7,075 6,837 6,692 6,609 8,535
Wetted Area m"2 303,599 304,865 305,256 303,968 301,881 296,799 297,554 298,508 299,636 303,599
Waterpl. Area m"2 171,266 165,502 161,460 159,228 155,136 145,962 141,586 138,513 136,599 171,266
Prismatic Coeff. 0,653 0,652 0,652 0,652 0,652 0,653 0,656 0,659 0,662 0,653
Block Coeff. 0,439 0,456 0,472 0,487 0,499 0,520 0,550 0,580 0,611 0,439
LCB from zero pt. (+ve fwd) m 12,623 12,626 12,630 12,627 12,624 12,622 12,618 12,612 12,604 12,623
VCB from DWL m -1,359 -1,395 -1,435 -1,481 -1,532 -1,575 -1,607 -1,631 -1,646 -1,359
GZm 1,708 1,698 1,661 1,605 1,532 1,434 1,310 1,167 1,010 1,708
LCF from zero pt. (+ve fwd) m 13,248 13,425 13,547 13,599 13,782 14,035 14,010 13,977 13,940 13,248
TCF to zero pt. m 3,380 3,470 3,517 3,507 3,525 3,659 3,689 3,673 3,622 3,380
Max deck inclination deg 50,0 55,0 60,0 65,0 70,0 75,0 80,0 85,0 90,0 50,0
Trim angle (+ve by stern) deg -1,1 -1,3 -15 -1,7 -1,7 -2,0 -2,3 -3,0 N/A -1,1
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Cizelge 6.12 Celik tekne durumunda mevcut kurallarda 0 dan 30 a
0.55 m-R verilmistir, yeni Onerilen kurallarda da 0.061 soylenmis romorkdriin
celik tekne durumu stabilite hesabinda actual 0.292 sonuc alinmig ve her iki

kuraldanda ge¢cmesi gorinur.

Cizelge 6.12: Romorkor lightship durumu stabilite hesabi

Code Criteria Value Units Actual Status (l)\//(l)argm
A.749(18)
Ch3 - Design
criteria 3.1.2.1: Area 0to 30 Pass
applicable to
all ships

from the greater of

spec. heel angle 0,0 deg 0,0

to the lesser of

spec. heel angle 30,0 deg 30,0

angle of vanishing stability 90,0 deg

shall not be less than (>=) 0.055 m.R 0.292 Pass +432,7
A.749(18)
Ch3 - Design
criteria 3.1.2.1: Area 0to 40 Pass
applicable to
all ships

from the greater of

spec. heel angle 0,0 deg 0,0

to the lesser of

spec. heel angle 40,0 deg 40,0

first downflooding angle n/a deg

angle of vanishing stability 90,0 deg

shall not be less than (>=) 0.090 m.R 0.479 Pass +432,33
A.749(18)
Ch3 - Design
criteria 3.1.2.1: Area 30 to 40 Pass
applicable to
all ships

from the greater of

spec. heel angle 30,0 deg 30,0

to the lesser of

spec. heel angle 40,0 deg 40,0

first downflooding angle n/a deg

angle of vanishing stability 90,0 deg
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Cizelge 6.12: Romorkdr lightship durumu stabilite hesabi(devami)

Code Criteria Value Units Actual Status ::)argm
shall not be less than (>=) 0.020 m.R 0.185 Pass +520,53
A.749(18)
Ch3 - Design
criteria 3.1.2.2: Max GZ at 30 or greater Pass
applicable to
all ships
in the range from the greater of
spec. heel angle 30,0 deg 30,0
to the lesser of
spec. heel angle 90,0 deg
angle of max. GZ 47,3 deg 47,3
shall not be less than (>=) 0,200 m 1,155 Pass +477,28
Intermediate values
angle at which this GZ occurs deg 473
A.749(18)
Ch3 - Design
criteria 3.1.2.3: Angle of maximum GZ Pass
applicable to
all ships
shall not be less than (>=) 25,0 deg 473 Pass +89,09
A.749(18)
Ch3 - Design
criteria 3.1.2.4: Initial GMt Pass
applicable to
all ships
shall not be less than (>=) 0,150 m 2,289 Pass +1426,33
A.749(18)
Ch3 - Design
o 3.1.2.5: Passenger crowding: angle of
criteria o Pass
applicable o equilibrium
all ships
Pass. crowding arm = nPass M / disp.
D cos”n(phi)
number of passengers: nPass = 10
passenger mass: M = 0,075 tonne
distance from centre line: D = 6,000 m
cosine power: n = 0
shall not be greater than (<=) 10,0 deg 0,2 Pass +97,92
Intermediate values
Heel arm amplitude m 0,007
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Cizelge 6.12: Romorkdr lightship durumu stabilite hesabi(devami)

Code Criteria Value Units Actual Status :;I)argm
A.749(18)
Ch3 - Design
criteria 3.1.2.6: Turn: angle of equilibrium Pass
applicable to
all ships

Turnarm: a v*2 / (R g) h cos™n(phi)

constant: a = 0,9996

vessel speed: v = 10,000 kts

turn radius, R, as percentage of Lwl 510,00 %

h = KG - mean draught / 2 0,950 m

cosine power: n= 0

shall not be greater than (<=) 10,0 deg 0,5 Pass +95,36

Intermediate values

Heel arm amplitude m 0,017
4.5 Offshore 4.5.6.2.1: GZ area between 0 and
supply vessel angle of maximum GZ Pass

from the greater of

spec. heel angle 0,0 deg 0,0

to the lesser of

angle of first GZ peak 473 deg

angle of max. GZ 473 deg 473

angle of vanishing stability 90,0 deg

lower heel angle 15,0 deg

required GZ area at lower heel angle 0.700 m.R

higher heel angle 30,0 deg

required GZ area at higher heel angle 0.050 m.R

shall not be less than (>=) 0.050 m.R 0.624 Pass +1035,55
4.5 Offshore
supply vessel 4.5.6.2.2: Area 30 to 40 Pass

from the greater of

spec. heel angle 30,0 deg 30,0

to the lesser of

spec. heel angle 40,0 deg 40,0

first downflooding angle n/a deg

angle of vanishing stability 90,0 deg

shall not be less than (>=) 0.020 m.R 0.185 Pass +520,53
4.5 Offshore 4.5.6.2.3: Maximum GZ at 30 or Pass
supply vessel greater

in the range from the greater of

spec. heel angle 30,0 deg 30,0

to the lesser of
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Cizelge 6.12: Romorkdr lightship durumu stabilite hesabi(devami)

o . Margin
Code Criteria Value Units Actual Status y
0
spec. heel angle 90,0 deg
angle of max. GZ 473 deg 473
shall not be less than (>=) 0,200 m 1,155 Pass +477,28
Intermediate values
angle at which this GZ occurs deg 473
4.5 Offshore .
4.5.6.2.4: Angle of maximum GZ Pass
supply vessel
limited by first GZ peak angle 473 deg 473
shall not be less than (>=) 15,0 deg 473 Pass +215,15
4.5 Offshore .
4.5.6.2.5: Initial GMt Pass
supply vessel
spec. heel angle 0,0 deg
shall be greater than (>) 0,150 m 2,289 Pass +1426,33
Combined criteria (ratio of areas type
IMO kurallari . . Fail
1) - towing heeling arm
Towline Pull arm = T (v
cos™n(phi+tau) - h sin(phi+tau)) / (g
disp.)
tension or thrust: T = 500000,00 N
vertical separation of propeller centre
8,000 m
and tow attachment: v =
horizontal offset of tow attachment: h
_ 4,000 m
angle of tow above horizontal: tau = 15,0 deg
cosine power: n = 1
Areal integrated from the greater of
spec. heel angle 0,0 deg
angle of equilibrium (with heel arm) 11,0 deg 11,0
to the lesser of
spec. heel angle 70,0 deg
angle of first GZ peak 47,3 deg
angle of max. GZ 47,3 deg 47,3
angle of max. GZ above heel arm 49,0 deg
first downflooding angle n/a deg
angle of vanishing stability (with
n/a deg
heel arm)
Area?2 integrated from the greater of
spec. heel angle 0,0 deg
angle of equilibrium (ignoring heel
g a (ig g 0,0 deg 0,0
arm)
to the lesser of
spec. heel angle 90,0 deg

Area?2 integrated from the greater of
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Cizelge 6.12: Romorkdr lightship durumu stabilite hesabi(devami)

o . Margin
Code Criteria Value Units Actual Status o
(o]
angle of first GZ peak 473 deg
angle of max. GZ 473 deg 473
angle of max. GZ above heel arm 49,0 deg
first downflooding angle n/a deg
angle of vanishin stabilit;
) g . g Y 90,0 deg
(ignoring heel arm)
Angle for GZ(max) in GZ ratio,
the lesser of:
spec. heel angle 50,0 deg
angle of first GZ peak 473 deg
angle of max. GZ 473 deg 473
first downflooding angle n/a deg
Select required angle for angle of o .
. MarginlinelmmersionAngle
steady heel ratio:
Criteria: Fail
Angle of steady heel shall be less
15,0 deg 11,0 Pass +26,49
than (<)
Angle of steady heel / Marginline
immersion angle shall not be 80,000 % 103,730 Fail -29,66
greater than (<=)
Areal / Area2 shall be greater than
) 40,000 % 69,364 Pass +73,41
>
GZ(intersection) / GZ(max) shall
60,000 % 38,177 Pass +36,37
be less than (<)
Area 1 shall not be less than (>=) 0.090 m.R 0.433 Pass
Intermediate values
Heel arm constant 0,0811
amplitude of cos component m 8,000
amplitude of sin component m 4,000
Marginline immersion angle deg 10,6
Areal (under GZ), from 11,0 to
m.R 0.582
47,3 deg.
Areal (under HA), from 11,0 to
m.R 0.150
47,3 deg.
Areal, from 11,0 to 47,3 deg. m.R 0.433
Area2, from 0,0 to 47,3 deg. m.R 35,7813
GZ(intersection) m 0,441
GZ(max) m 1,155
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7 .SONUC VE ONERILER

Romorkdriin dnemi giinlimiizde artmistir yeni dnerilern kurallar1 Mevcut kurallarla

karsilagtirmak istenildi.

Autocad, freeship, delftship ,maxsurf ;hydromax kullanildi .Ornek bir rémorkér ele
aldindi, mevcut kurallar1 ve yeni onerilen kurallar1 uygulayip karsilastirilip sonuglar

cikartirilmastir .

0=30"ye kadar dogrultucu moment kolu egrisi altinda kalan alan degeri 0,055
m.radyan’dan az, 0=40° veya su alma acisina kadar hangisi daha kiiciikse, dogrultucu
moment kolu egrisi altinda kalan alan degeri 0,09 m.radyan’dan az olmamalidir.
0=30%den 0=40° veya su alma acisina kadar, hangisi daha kiiciikse, dogrultucu

moment kolu egrisi altinda kalan alan degeri 0,03 m.radyan’dan az olmamalidir.

Dogrultucu moment kolu degeri, 8 =30° veya daha biiyiik bir agida minimum 0,2 m

olmalidir.

Maksimum dogrultucu moment kolu degeri, 0=25%den az tercihen 6=30° den daha

biiytlik bir agida olmalidir.
Baslangi¢ metasantr yiiksekligi 0,15 m.’den az olmamalidir.

0=30%ye kadar dogrultucu moment kolu egrisi altinda kalan alan degeri 0,345 m.
radiyan oldu, 6=40° dogrultucu moment kolu egrisi altinda kalan alan degeri 0,647
m.radiyan olmustur. 6=30den 0=40° veya, dogrultucu moment kolu egrisi altinda

kalan alan degeri 0,206 m. radiyan olmaktadir.

Dogrultucu moment kolu degeri, © =30° de 1,62 m olmustur.
Maksimum dogrultucu moment kolu degeri, 0 =49,1° olmustur.
Baslangi¢ metasantr yiiksekligi 2,434 m.hesaplanmistir.

Hydromax programiyla yapilan stabilite analizinde romorkdr biitiin yiikleme

durumlarinda, lightship agirlik durumunda ve bu kosullardaki bordadan g¢ekme
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durumunda ilgili Tirk Loydu stabilite kurallarinin hepsini ve ROmorkorin
stabilitesinin, teknenin her tiirlii servis durumunda ve calisma pozisyonunda IMO
Resolution *2008 is code *’ kurallarina uygunlugu saglamistir.

IMO’nun 54. Donem Stabilite, yiikkleme hatt1 ve balik¢r gemilerinin giivenligi alt
komitesil6-20 Ocak 2012 tarihleri arasinda toplanmis olup,toplantiya iliskin

gelismeler ve alinan kararlar asagida 6zetlenmistir.

2008 IS Kod, Kisim B’de ¢ekme ve demir ellegleme operasyonlarinda yapilacak

degisikliklerin gelistirilmesi:

Alt komite, MSC 88’de Norve¢ ta rafindan MSC 88/23/2 dokiimani ile Onerilen,
¢cekme ve demir ellecleme operasyonlar1 yapan gemiler i¢in 2008 IS Kodu, Kisim
B’de yer almak iizere, birlestirilmis stabilite kriteri ve operasyonel kilavuz
gelistirilmesi konusunu tekrar giindeme getirmistir ve komitenin yillik giindeminde
yer almasini istemistir. Cekme ve demir ellegleme operasyonlart ig¢in 2008 IS Kod,
Kisim B’de degisiklikler yapilmasi konusu giindeme eklenmis ve  hedef

tamamlanma tarihi 2014 olarak dngorilmiistiir.

Yeni onerilen kurallar :

Angle from 0.00 deg to MaxRa >15.00 deg
Area from 0.00 deg to MaxRA at 15.00 >0.0612 m-R
Area from 0.00 deg to MaxRA at 30.00 >0.0612 m-R

Mevcut kurallar:

Angle from 0.00 deg to MaxRa >25.00 deg
Area from 0.00 deg to MaxRA at 15.00 >0.055 m-R
Area from 0.00 deg to MaxRA at 30.00 >0.055 m-R

IMO’ya onerilen yeni kurallarla karsilastirdigimizda, 6rnek ¢cekme romorkér gemisi
yeni kurallarin biitiin sartlarin saglamustir. leride yapilacak ¢alismalarda, yeni kural
onerilerinin farkli tipteki gemilerde denenip, sartlar1 yerine getirip getirmedigi

incelenmesi gerekmektedir.
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EK A : iMOya Onerilen Kurallar E
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SUB-COMMITTEE ON STABILITY AND SLF 55/INF.4
LOAD LINES AND ON FISHING VESSELS 16 November 2012
SAFETY ENGLISH ONLY

55th session
Agenda item 10

DEVELOPMENT OF AMENDMENTS TO PART B OF THE 2008 IS CODE ON
TOWING AND ANCHOR HANDLING OPERATIONS

Proposal for amendments to the International Code on Intact Stability, 2008
(2008 IS Code)

Submitted by Norway

SUMMARY
Executive summary: This document presents background information on the principles
for unified stability criteria and operational guidance for vessels
engaged in anchor handling operations
Strategic direction: 5.2
High-level action: 5.2.1
Planned output:  5.2.1.26

Action to be taken: Paragraph 2

Related documents: MSC 90/28/Add.1; MSC 88/23/2, MSC 88/26 (paragraph 23.36);
SLF 54/17, SLF 54/10, SLF 54/INF.5 and SLF 55/10

1 The annex to this document presents a summary of the analyses forming the basis for
proposals regarding unified stability criteria and operational guidance for vessels engaged in
towing and anchor handling operations for insertion into part B of the 2008 IS Code.

Action requested of the Sub-Committee

2 The Sub-Committee is invited to note the information provided.
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ANNEX

SUMMARY OF THE ANALYSES FORMING THE BASIS FOR PROPOSALS REGARDING
UNIFIED STABILITY CRITERIA AND OPERATIONAL GUIDANCE FOR VESSELS
ENGAGED IN TOWING AND ANCHOR HANDLING OPERATIONS
FOR INSERTION INTO PART B OF THE 2008 IS CODE

1 Introduction

This document presents background information on the principles for the development of the
proposed unified stability criteria and operational guidance for vessels engaged in anchor
handling operations.

2 Criteria versus operational guidance

Given the unique characteristics of anchor handling operations the development of stability
criteria with special emphasis to operational guidance is considered the more feasible
solution to improve safety without compromising the operation of ships engaged in anchor
handling operations.

During the development of the criteria comprehensive meetings with the stakeholders were
held, as a result of this collaboration the following aspects are highlighted:

A1 operational guidance should be developed in order to provide the crew with
the deemed tools to implement planning and controlling procedures. The
output available to the crew should therefore provide reliable information in a
simple manner; and

2 the standards and thresholds should provide the ship with sufficient stability
to withstand unexpected hawser deflections, account for uncertainties in
the observations of the angles on board, and sufficient time to implement
emergency or corrective measures when necessary.

In order to achieve those goals specific recommendations should be developed, including:
A calculation and presentation of stability limiting curves including working

tensions limits throughout all the possible directions of the hawser, for all
draughts and trim operational range;

2 step wise planning procedures to calculate loading conditions identifying
operational limits and verifying loading, ballasting and consummations
sequences;

.3 adapted stability instruments; and

4 working and controlling procedures including corrective and emergency
measures.
3 External forces and heeling moments

Due to the catenary shape of a heavy chain, wire or other heavy elements being handled the
effects of the external force applied at the stern of the ship will always be noted on the ship
stability particulars (draught, trim and centre of gravity). The magnitude of the
external
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forces will be reflected in the tension deployed by the working winch. Heeling moments will
be noted when the hawser is not acting at the centre line of the ship, the control and
mitigation of the generated heeling moments has to be achieved by changing headings and
winch tension.

The thrust of the ship has a minor influence in the magnitude of the external force, but it will affect
the shape of the catenary and the direction that the external forces are acting over the ship.

A simplified model of the angles formed by the hawser and the ship during anchor handling
operations is presented in figure 1:

Figure 1 — Angles formed by the hawser and the ship

Where:

- Sideways angle “a” is the horizontal angle between the centreline and the vector at
which the hawser tension is applied to the ship in the upright position.

- Downwards angle “B” is the vertical angle between the waterline and the vector at which
the hawser tension is applied to the ship.

The force can then be decomposed in its components as follows:

Transverse component — Fy =F -sina -cos 3
Longitudinal component — F,=F -cosa -cos
Vertical Component — F, =F -sinp
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Figure 2 — Force components and application points

3.1 Heeling moment

When the hawser is not working at the centre line of the ship a heeling
moment is developed due to the effects of the vertical component of the
force, the contribution of the transvers component of the force will be noted
when the movement of the hawser is constrained by towing pins or any other
physical element.

The following is assumed for the calculation of the heeling
arms (y and h):

h is assumed to be the vertical distance from the centre of
propeller(s) to the uppermost part of the towing pin, or the distance
between a line defined from the highest point of the winch pay-out and
the top of the stern and any physical restriction of the transverse hawser
movement.

y is assumed to be the transverse distance from the centreline to the
outboard point at which the hawser tension is applied to the ship

The heeling moment can then
be defined as:

M, =F -(h-sina-cosP +y-sinB)
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Figure 4 — Vertical arm — h (distance propeller to towing pin)

The following example shows the heeling moment distribution for a typical anchor handling
arrangement:

Particulars: Tension

— 500 ton
h—-737m X—-5m
Yo —2.5m Breadth — 22 m
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S | D E w A Y S
Beta\Alpha 0 5) 10 15 20 30 40 50 60 70 80 90
0 0 321 640 954 1260 1843 2369 2823 3191 3463 3629 3685
5 109 448 785 1117 1444 2070 2651 3181 3659 3929 4095 4150
10 217 571 924 1273 1616 2282 2914 3514 4098 4365 4529 4584
15 324 690 1056 1418 1776 2477 3154 3821 4506 4768 4929 4983
20 428 804 1180 1553 1923 2653 3371 4099 4880 5135 5291 5344
8 25 528 912 1295 1676 2055 2808 3562 4346 5217 5463 5613 5664
w 30 625 1013 1400 1786 2171 2942 3725 4559 5514 5749 5893 5941
N 35 717 1106 1494 1882 2271 3054 3860 4738 5769 5991 6127 6173
XI 40 803 1190 1577 1965 2354 3143 3966 4881 5980 6188 6315 6358
R 45 884 1266 1648 2032 2418 3207 4042 4987 6146 6338 6455 6495
50 958 1332 1707 2084 2465 3248 4087 5054 6265 6439 6546 6582
D 55 1024 1387 1752 2120 2492 3263 4101 5084 6336 6491 6587 6619
S 60 1083 1433 1784 2140 2501 3254 4084 5074 6359 6495 6578 6606
65 1133 1467 1803 2143 2490 3220 4035 5026 6333 6448 6518 6542
70 1175 1490 1808 2130 2461 3161 3956 4940 6260 6353 6410 6429
75 1207 1502 1799 2101 2413 3078 3847 4816 6139 6209 6252 6266
80 1231 1502 1776 2056 2346 2972 3708 4655 5971 6018 6047 6056
85 1245 1491 1740 1996 2262 2844 3541 4459 5757 5781 5795 5800
90 1250 1469 1691 1920 2160 2693 3348 4229 5500 5500 5500 5500

Figure 5 — Heeling moment distribution towards angle alpha (a) and beta (B)
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Figure 6 — Maximum heeling moment distribution towards angle alpha (a)
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Figure 7 — Heeling moment distribution towards angle beta (B)
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As can be noted from the above example the heeling moment, as expected, is increasing
throughout the transversal direction (angle (a)). Regarding the vertical direction (angle (B)) it is
possible to identify an angle where the moment achieves the maximum value, given by:

p=tan™| —2L
A-sing
Regarding this aspect it is believed that the angle where the moment assumes the maximum
value should be used for criteria purposes.
3.2 Longitudinal force versus thrust

An additional drag component due to action of the external force is also applied to the ship.
The vertical direction of the hawser is then limited by the pull of the ship, attending to:

I:Thrust 2 Fx

F, =F -cosa -cosf3

Applying the above condition, the vertical angle (B) is then limited to:

F.
B> cos™| Tt
Fo-cosax

The following graph illustrates this situation:

Design Angle
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20.00 J
30.00 / =—&—Beta
)( Beta (th)

40.00 /

50.00

Beta

60.00 >

70.00

80.00

90.00

Given the uncertainties of the application of such condition, due to the numerous factors that
might influence the ship pull, a simplification based on the documented bollard-pull of the
ship was considered as a restriction to the heeling moment calculation:

1.5-BP
Fcosa

b= cos"l[

64



SLF 55/INF.4
Annex, page 7

Situations where the vessel is dragged aft/sideways during anchor handling operations are
often reported, meaning that the pull of the ship is less than the drag effects introduced by
the hawser. In such situations the heading of the vessel is clearly difficult to control and the
risk of the ship experiencing higher heeling moments than the ones used in the criteria
increases. Therefore, the application of this condition in the design criteria might raise
concerns and should be carefully considered.

3.3 Effects of the heeling moment on the ship stability

The significant increase of the heeling moment due to sideways movement (a) of the hawser
has severe effects on the ship stability. This cannot be neglected even for a ship in a good
intact stability condition, as illustrated in the following GZ-curves, where the ship might not
withstand deflections of the hawser higher than 30 degrees.

Righting Arms vs. Heel - INTACT STABILITY

Heel angle (Degrees)

0.0s 100s 20.0s 30.0s 40.0s -
g 05 rm
Righting Am ———X A
R.Area ------------ b s
Equilibrium_ ________ o .
GMt ! “m
d_ _____ - 00
Limit Min/Max Actual Margin
(1) Area from 0.00 deg to MaxRA at 15.00 >0.0612 m-R 0.109 0.048
(2) Area from 0.00 deg to MaxRA at 30.00 >0.0612 m-R 0.109 0.048
(3) Area from 30.00 deg to 40.00 or Flood >0.0300 m-R 0.048 0.018
(4) Righting Arm at 30.00 deg or MaxRA >0.200 m 0.412 0.212
(5) Angle from 0.00 deg to MaxRA >15.00 deg 23.80 8.80
(6) GM at Equilibrium >0.150 m 1.339 1.189

Figure 8 — GZ curve at intact stability condition
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Righting Arms vs. Heel - ANCHOR HANDLING EQUILIBRIUN CRITERIA

Heel angle (Degrees)

0.0s 5.0s 10.0s 150s 200s 250s
30.0s 35.0s
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 05 Arms
Righting Arm ———X
Heeling Am - oo __ + - in
Edﬁirlieﬁih% """" a -
Crit Pt
___________ v _ i
i 0.0
(1) Absolute Angle at MaxRA 17.00
(2) Angle from Equilibrium to Crit. or Flood 4.28
(3) Absolute Angle at Equilibrium 5.23
(4) Area from Equilibrium to RAzero or Flood 0.070
(5) Righting Arm at MaxRA 0.247

Figure 9 — GZ curve with heeling lever at a = 0 degrees

Righting Arms vs. Heel - ANCHOR HANDLING EQUILIBRIUN CRITERIA

He el angle (Degr ees)
0.0s 5.0s 10.0s 15.0s 20.0s 25.0s 30.0s 35.0
s

INENENN] IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIII|_0'5 Arms

Ri ghting Arm— He e X
ng Arm B e _ in
R. Area o

o

Equilibrivm—— Crit. . v -
s B ‘I':‘““ = __
____________ v oL _
S

K== C 0.0
T O----- o---0----- O-----__ O-____ 4 -
(1) Absolute Angle at MaxRA 18.54
(2) Angle from Equilibrium to Crit. or Flood 0.00
(3) Absolute Angle at Equilibrium 14.65
(4) Area from Equilibrium to RAzero or Flood 0.002
(5) Righting Arm at MaxRA 0.032

Figure 10 — GZ curve with heeling lever at a = 30 degrees
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4 Proposed criteria

A three-step procedure is proposed as criteria for anchor handling operations, firstly a
minimum heeling lever is defined considering a certain angle between the hawser and the
ship, secondly the residual stability of the ship is verified and thirdly the limits on the hawser
tension are calculated.

4.1 Heeling lever

In order to achieve an acceptable compromise between operation and safety, a minimum
threshold for angle (a) should be defined (a, = 15 degrees). The angle (8) should then be
defined as the one that causes the maximum heeling lever for that direction. The heeling
moment can then be calculated as follows:

M, = Fp~(h~sinocp-cosB+y-SinB);

Where = tan_{#J

h-sing,
The effects of the vertical force component on the ship stability particulars should be

accounted, correcting the loading condition by applying a vertical load in the centreline at
stern:

F, =F,.sinf3
The heeling lever is then defined as:

M
HI =—% ¢og
b AQ {p

4.2 Stability criteria

The residual stability of the ship is then compared against the stability criteria. (The effects of
the F, should be considered in the stability calculations)
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The residual area between the righting lever curve and the heeling lever curve (A) should not be
less than 0.070 meter-radians. The maximum residual righting lever GZ should be at least
0.2 m. The static angle at the first interception ¢, should not be more than 0.5*@max, Or the aft
deck edge immersion angle, whichever is less, but never more than 15°.

4.3 Tension limits

To define the tension limits or permissible tensions limits throughout all possible hawser
directions, two different methods are proposed, a simplified method where the tension can be
directly calculated from the heeling moment calculated at a, according to the following
formulation:

F(a)=F,;when a <a,

M

AH
hsing.cos f_+ y_.sin ﬁa)

cwhen za,

F(cx): (

Where:
p.= tanl[“"“]

h-sina

The application of this method will require an insertion of a correction factor to account for the
alterations in the residual stability of the ship due to difference of the vertical force effects
throughout sideways direction (note the sample calculation results). The correction factor is still
under evaluation, further studies and calculations are necessary.

4.4 Direct calculations

The direct calculation method is based on the evaluation of the residual stability of the vessel for
each sideway direction. The tension limits are defined directly from the residual stability of the
ship. Stability calculations have to be performed for each sideways angle (a), evaluating
and optimizing the heeling levers.

5 Sample calculations
The above criteria were tested using two different AHTS, the methods to ascertain the
permissible tensions were further compared. Detailed results are presented in the enclosed
appendix A.
The following procedure was used:
The calculations were performed using different loading conditions defined as follows:

Light ship + (20% 40% 60% and 80%) of the deadweight

Three different initial trims (1 m forward to 1 m aft)

The KG was optimized to withstand a tension applied at 15 degrees (a)
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Tension:

The two methods (simplified, direct) were used to calculate the tension limits at 30, 60
and 90 degrees (a):

.1 each loading condition was corrected by the effects of the vertical force;
.2 the heeling lever is defined according to the GZ-curve; and
.3 the tension was calculated from the obtained moment.

A similar analysis was done using small variations of angle beta (+/- intervals of 5 degrees).

5.1 Results and comments

The deviations in the results of the two methods can be explained by the effects of the
vertical component in the ship centre of gravity, trim and draught, these effects are
particularly noted in the resulting GZ-curves.

The application of the simplified method might be a non-conservative method in lighter
displacements. This tendency is inverted in the heavy displacements conditions. Therefore
the introduction of a correction factor is recommended.

The insertion of a correction factor needs to be harmonized with the stability information
recommendations, including the recommendations for the definition of limit stability curves.

The results are showing that the most onerous direction of the hawser for the stability of the
ship is not necessarily at the angle (B) used on the heeling moment criteria but in its vicinity.
The deviations found are considered of minor importance, around 1.5% in tension, which
represents a minor deviation on the maximum allowed KG (see also document
SLF 54/INF.10).

6 Stability curves

The criteria have to be harmonized with the stability information available to the officers in
charge. Special requirements for calculation of stability limiting curves should be developed
assembling information as, limit permissible tensions curves (dependent of sideways
angle (a)) and maximum heeling angles for each set of towing pins.

The calculation of the stability limiting curves should follow a certain order, considering the
following aspects:

A given the constant alterations on draught and trim and centre of gravity
during an anchor handling operation the stability limiting curves should be
developed for the initial ship condition (before the application of external
forces);

2 a simplification by presenting a singular stability limiting curve for all trims
and draughts assembling tension limit curves for each set of towing pins
may generate a more user-friendly manner to present the stability
information;
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.3 a collection of anchor handling limit stability curves defined for different limit
tensions may increase the flexibility of the ship (giving allowance to use
higher VCGs with lower tensions); and

4 presentation of limit tension curves defined throughout sideways angles (a),
based on working sectors or constraint colours should be evaluated as a
possible recommended output.

The following example shows possible main principles to be adopted as output, defined on
basis of the sample vessel 2 using the direct calculations results:
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Sample Ship 2: Large anchor handler

Alpha T, (tonnes)

15 500.00

30 328.46

60 168.56

90 161.90

Trim -1 (fwr)

Loading Conditions Tension 15 Tension 30 Tension 60 Tension 90 T,/Ts Tp/Teo Tp/Too
20 % 342 175.5 168 1.04 1.04 1.04
40 % 363 197 190 1.11 117 1.17
60 % 396 227 220 121 135 1.36
80 % 500 394 245.5 236.5 1.20 1.46 1.46

Trim O

Loading Conditions Tension 15 Tension 30 Tension 60 Tension 90 T, /Ts Ty/Teo Tp/Ten
20 % 353 186 179 1.07 1.10 1.11
40 % 390 218 211 1.19 129 1.30
60 % 386.5 236.5 230 1.18 140 1.42
80 % 500 406 255.5 250 1.24 152 1.54

Trim 1 (aft)

Coading Conditiong Tensiorn 15 Tension 30 Tension 60 Tension 90 T/Tad T/Ted T4/ T
20% 376 204 197 1.14‘ 1..41| 1.22
40 % £00 394 227 220 J..AU‘ J..db| 1.36
60 % 4125 7258 2525 1.1(:‘ 1.bd| 1.56
80 % - ‘ - | -
Load Condition
40 % Trim -1
Tension 15 | Tension 30 Tension 60 Tension 90
Beta 500.00 | Beta 328.46 Beta 168.56 | Beta 161.90

-10| 53.58 518 | 45.62 375 49.88 202 46.18 194

-5 | 58.58 509 | 50.62 367 54.88 199 51.18 192

By 63.58 | 500 55.62 | 363 50.88 | 197 56.18 190

+5 68.58 497 60.62 361 64.88 197 61.18 191

+10‘ 73.58 496 65.62 362 69.88 199 66.18 192

+15 78.58 494 70.62 | 366

+20 83.58 496
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Sample Ship 8: Small anchor handler

Alpha T, (tonnes)
15 300.00
30 189.91
60 103.51
90 98.78
Trim -1 (fwr)
Loading Conditions | Tension 15 [ Tension 30 | Tension 60 [ Tension 90 | T,/Tso |Tp/T60| To/Too
20 % 171.0 86.5 81.5 0.90 |O.84 ‘0.83
40 % 300 207.0 110.5 105.5 1.09 | 1.07 ‘ 1.07
60 % 218.5 131.0 127.0 1.15 | 1.27 ‘ 1.29
80 % 229.0 138.0 133.5 1.21 | 1.33 ‘ 1.35
Trim O
Loading Conditions | Tension 15 | Tension 30 | Tension 60 | Tension 90 [T,/Tso |Tp/T60| To/Too
20 % 176.5 88.5 84.5 0.93 |O.85 ‘0.86
40 % 300 218.5 122.5 116.5 1.15 | 1.18 ‘ 1.18
60 % 225.5 138 133 1.19 | 1.33 ‘ 1.35
80 % 239 151 146 1.26 | 1.46 ‘ 1.48
Trim 1 (aft)
Loading Conditions | Tension 15 | Tension 30 | Tension 60 | Tension 90 | T,/Tso |Tpfl'eo| To/Too
20 % 196 99.5 93.5 1.03 |O.96 ‘0.95
40 % 300 212 127 123 1.12 | 1.23 ‘ 1.25
60 % 2285 141 139 120 |1.36 |141
80 % - -
Load Condition
40 % Trim -1
Tension 15 Tension 30 Tension 60 Tension 90
Beta 300.00 Beta 189.91 Beta 103.51 ([Beta 98.78
-10 |51.98 312 44.93 206 47.15 112 43.29 106
-5 |56.98 305 49.93 204 52.15 111 4829 |106
Brmax \61.98 300 54.93 206.5 57.15 110.5 53.29 105.5
+5 ’ 66.98 298 59.93 208 62.15 111 58.29 105
+10 \71.98 296 64.93 210 67.15 112 63.29 107
+15 76.98 295
+20 81.98 295
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