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SAZETAK

Povecéanjem broja tankera koji plove Jadranom, povecava se i opasnost od pomorskih nesreca.
Izlijevanje nafte u Jadranu wuzrokovalo bi nepopravljivu Stetu za okoli$, turizam i
gospodarstvo. Zbog toga je pokrenut projekt Structural reliability of damaged oil tanker in
Adriatic Sea koji za cilj ima predloziti metodologiju procjene sigurnosti strukture ostecenog
tankera za prijevoz nafte u Jadranskom moru i postaviti proceduru za racionalno donosenje
odluka za brod u situacijama koje traze hitne reakcije. U ovom radu je pomoc¢u programa
GHS izvrSen proracun stabiliteta 1 uzduzne ¢vrstoce za tanker u oSteCenom stanju, u skladu s
posebnim pravilima koja propisuju klasifikacijska drustva. Za homogeno, potpuno natovaren
tanker modelirano je 21 stanje oSteéenja. Za svako stanje oSteCenja dan je prikaz prostora i
karakteristi¢nih krivulja stabiliteta i uzduzne ¢vrsto¢e. Dobiveni rezultati usporedeni su sa
propisima i rezultatima proracuna za neosteceno stanje. Pokazalo se da tanker u svim stanjima
ostecenja zadovoljava kriterije stabiliteta, 1 to uz veliku rezervu. Najve¢i momenti savijanja
variraju od smanjenja za 68.3% do povecanja od 52.47% u odnosu na neoSteéeno stanje.
Nedostatak podataka za moment otpora u oStecenom stanju onemogucuje stvaran uvid u
opasnost povecanja opterecenja uslijed naplave. Balastiranjem se moze pokuSati smanjiti

opterecenja, ali se to nije pokazalo uvijek kao uc¢inkovito i Sigurno rjesenje.

Kljuéne rijeci: tanker, pomorske nesrece, stabilitet u neoStecenom stanju, uzduzna ¢vrstoca
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SUMMARY

By increasing the number of tankers in the Adriatic Sea, the hazard of maritime accidents
increases as well. Oil spillage in the Adriatic Sea would cause unrecoverable damage to the
environment, tourism and economy. Hence the project Structural reliability of damaged oil
tanker in the Adriatic Sea was initiated, with the aim to propose methodology of structural
safety assessment of a damaged oil tanker in the Adriatic Sea and to set up a procedure for
rational decision making for a ship in the situations requiring emergency response actions.
Calculations of damage stability and longitudinal strength were made within this paper.
Classification societies provide special rules for damage stability. 21 damage cases were
modeled for a homogenous, fully loaded tanker. For each one of them a compartment plan
and characteristic stability and longitudinal length curves were shown. The obtained results
were compared to classification society rules and results for the undamaged tanker. It was
shown that the tanker meets all the stability requirements, with a great margin. Maximum
bending moments vary from a decrease by 68.3% to an increase by 52.47%, compared to the
value in undamaged condition. Lack of information about section modulus in damaged
conditions makes it impossible to get the real insight in the danger of load increase due to
flooding. One way of attempting to decrease load is ballasting, but it has not always proven to

be an efficient and safe solution.

Key words: tanker, maritime accidents, damage stability, longitudinal strength
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1. UvVOD

Ovaj diplomski rad obraduje temu stabiliteta 1 ¢vrstoce tankera u oste¢enom stanju koja se
namecée kao vrlo vazna buduci da bi Jadransko more moglo postati mjestom frekventnog
prometa velikih tankera, ukoliko dode realizacije projekata kao $to je bio projekt Druzba
Adria, kojom je luka Omisalj na Krku trebala postati luka za izvoz ruske nafte. Budu¢i da je
Jadransko more zatvorenog tipa s malom aktivno$¢u morskih struja i valova, havarija tanker
uz izlijevanje nafte, prouzrocila bi nepopravljivu Stetu za okolis, gospodarstvo i turizam. Ideja
za ovaj diplomski rad nastala je na temelju projekta ,,Structural reliability of damaged oil
tanker in the Adriatic Sea“. [1] Cilj ovog projekta je predloziti metodologiju procjene
sigurnosti strukture oSte¢enog tankera za prijevoz nafte u Jadranskom moru i postaviti
proceduru za racionalno donosenje odluka za brod u situacijama koje traze hitne reakcije. Ovo
se takoder moze iskoristiti za razvoj racionalnijih pravila 1 propisa koja se ti¢u prometa
velikih brodova u Jadranskom moru. Cilj projekta je i istraziti mogucnosti poboljSanja u
projektiranju konstrukcije po pitanju najopasnijih tipova nesreca. Dva slu€aja koja izazivaju
najviSe zabrinutosti su sudar dva broda i nasukavanje na morsko dno. U sklopu ovog rada
definiran je 21 slucaj ostecenog tankera u kojeg je prodrla voda te je za svaki od tih slu¢ajeva
napravljen proracun stabiliteta i uzduzne ¢vrstoce. Usporedena su najveca opterecenja za

oStecena stanja s onima u neoste¢enom te su prikazana mjesta gdje se ona javljaju.
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2. Opis projekta ,,Structural reliability of damaged oil tanker in the
Adriatic sea“

Kako bi bili u moguénosti procijeniti strukturnu pouzdanost broda, neophodno je vrednovati
opterecenje i ¢vrstocu broda i definirati probabilisticke modele koji mogu odrediti odstupanja,
ocekivana u procjenama ¢vrstoce i opterec¢enja. Uzimajuéi to u obzir, uzduzna ¢vrstoca broda
kao grede je uvijek bila glavna briga jer oSte¢eni brod moze puknuti ako nema dovoljnu
uzduznu ¢vrstocu. Zato je prirodno da se analiza strukturne pouzdanosti bavi samo uzduznom
¢vrstocom.

U oSte¢enom stanju, brod ne bi trebao voziti velikom brzinom, a valovima ¢e biti izlozen
relativno kratko vrijeme. Zato, s tim povezana globalna valna opterecenja mogu biti manja
nego ona u normalnom ekstremnom stanju. S druge strane, oste¢enje trupa moze uzrokovati
ulazak vode i istjecanje tekucih tereta Sto ¢e rezultirati promjenom stanja optereéenja i

momenta na mirnoj vodi. [1]

Slikal. Sudar dva broda uz izlijevanje nafte [2]

Fakultet strojarstva i brodogradnje 2



Viekoslav Grubisic Diplomski rad

P
- s 3
ety T8 3
v -':lll IO mn.

-, l'lAlllIllHl'lI e

e A

Slika 2.  Trajekt Marko Polo nasukan na otok Sit [3]

Iz perspektive brodogradnje projekt je multidisciplinaran budu¢i da zahtjeva znanja iz
statistike valova, stabiliteta i optere¢enja oSte¢enog broda, brodske hidrodinamike, nelinearne
FEM analize, grani¢ne ¢vrstoce, propagacije pukotina, procjene strukturne pouzdanosti i
rizika. Opcenito, otpornost na sudare oznacava bolju sposobnost sustava da izdrzi udarna
opterecenja, a za sudar dva broda ili nasukavanje oznafava povecanu sposobnost udarenog
broda da apsorbira kinetiCku energiju prije proboja trupa. Razvit ¢e se pojednostavljene
metode proracuna, koje su korisne u konceptualnim studijama brodske sigurnosti ili za
reagiranje u hitnim situacijama, dajuc¢i vjerodostojne, precizne i brze procjene veliine
oste¢enja s obzirom na osnovne parametre sudara. Hidrostati¢ki kompjuterski model broda
skupa sa odjeljcima bit ¢e izraden u software-u za racunanje brodskog stabiliteta. Veli¢ina i
mjesta oStecenja bit ¢e odredena na temelju:
e [IMO zahtjeva(SOLAS, MARPOL, ICLL)

¢ Rezultata simulacija

Za razli¢ite slucajeve oSte¢enja odredit ¢e se staticka ravnoteza broda kao i distribucija
globalnih hidrostatickih opterecenja, narocito vertikalnth momenata savijanja. Posebna
pozornost ¢e se posvetiti slu¢ajevima kada tankeri nisu natovareni u skladu sa Stability
information booklet(SIB) budué¢i da preliminarni rezultati iz Paris MoU Concentrated

Inspection Campaign on tanker damaged stability izneseni izmedu 1. 1 30.11.2010. pokazuju
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da 16.2 % tankera nije natovareno u skladu sa IMO zahtjevima. Odredit ¢e se korelacija
izmedu pozicije najveéeg optere¢enja broda kao grede i mjesta oSte¢enja. Razvit ¢e se takoder
1 metode predvidanja i modeliranja okoliSnih uvjeta u vrijeme nesrece, koriste¢i dostupne
numericke modele i postoje¢e podatke u stvarnom vremenu, dostupne na internetu. Statisticki
podaci o valovima i ranije definirana stanja oStec¢enja koristit ¢e se u analizi pomorstvenosti
ostecenih brodova. Specijalizirani 3D radijacijsko/difrakcijski software koristit ¢e se za
hidrodinamicku analizu i za tehnicku procjenu gibanja nagnutog broda. Istrazit ¢e se i1 utjecaj
tegljenja oSte¢enog broda na globalna dinamicka optereéenja broda kao grede. Bolje
razumijevanje propulzijskih karakteristika oSte¢enog broda je vazno za predvidanje snage za
pogon tog broda. Statisticka analiza pomorskih nesreca provest ¢e se koriStenjem dostupnih
podataka kako bi se odredila vjerojatnost razli¢itih scenarija sudara i nasukavanja. Provest ¢e
se procjena:

a) vjerojatnosti ostecenja za o¢ekivane nesrece U Jadranskom moru (sudari,

nasukavanja)
b) strukturalna pouzdanost ostec¢enog tankera u pogledu kolapsa trupa

c) troskovi kao posljedica oste¢ivanja za odredenu vrstu nesrece

Alternativne strukturalne konfiguracije testirat ¢e se kako bi se vidjelo postoje li moguénosti
strukturalnih modifikacija s ciljem bolje iskoristivosti novcanih sredstava. Prethodno razvijene
razli¢ite metodologije, ra¢unalni alati i modeli za procjenu sigurnosti konstrukcije bit ¢e ugradeni
u donosenje odluka racionalnim sustavom odluc¢ivanja (Decision support), kako bi ispunili
ciljeve:

e Predloziti procedure reagiranja u hitnim situacijama

e Razviti smjernice za unaprjedenje postoje¢eg nacina projektiranja konstrukcije u pogledu

nesreca. [1]
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Slika 3.  Stablo dogadaja nakon pomorske nesrece [4]
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3. Prodor vode uslijed oStecenja

3.1.  Opcenito

Zbog prodora vode u brod gubi se dio istisnine boda, jer je voda unutar brodskih prostora u
vezi s vanjskom vodom u kojoj brod plovi. Ta izgubljena istisnina treba se nadoknaditi
dubljim uranjanjem broda, tako da novi uronjeni volumen neoStecenog dijela broda bude
jednak prijaSnjem volumenu broda, prije prodora vode. Buduci da se mase nisu promijenile,

mora i uzgon, dakle djelotvorni volumen broda, ostati isti.

Prodrlu vodu mozZzemo smatrati i kao ukrcani teret. Sada se masa broda povecala, uslijed
ukrcanog tereta, pa se mora i istisnina povecati, tj. brod mora zagaziti dublje, a redovno ¢e
dobiti i neki trim. Na novoj vodnoj liniji mora ukupna masa broda i prodrle vode biti jednaka

cjelokupnoj istisnini broda. Oba gledista vode do istog rezultata.

Da se ograni¢i prodor vode tako da ne postane sudbonosan za brod, unutrasnjost broda je
podijeljena sustavom poprecnih, a katkad 1 uzduznih pregrada u vise nepropusnih odjeljenja.
Nova vodna linija, koju treba izracunati za prodor vode u bilo koji prostor, ne smije prelaziti
preko palube do koje sezu nepropusne pregrade, kutovi nagiba broda, kod nesimetri¢nog
prodora, ne smiju biti toliki da pod vodu dolaze otvori, koji se ne daju nepropusno zatvoriti, a
osim toga metacentarska visina i stabilitet za ve¢e nagibe moraju biti dovoljni da se brod ne

prevrne uslijed djelovanja vjetra i valova. [4]

3.2.  Naplavljivost (permeabilitet)

Volumen prodrle vode je manji od volumena prostora u koji je usla voda, ako se taj prostor
racuna kao Sto je obi¢no, do vanjskog brida rebara. Uslijed volumena konstruktivnih
elemenata, od kojih je izgraden trup broda, kao 1 uslijed predmeta, koji se nalaze u oStecenom

prostoru, prodrla voda ga ne mozZe sama ispuniti.

Da dobijemo dakle volumen prodrle vode, treba volumen oSteCenog prostora, do
odgovarajuc¢e vodne linije, pomnoZiti s jednim faktorom, koji je manji od jedan. Taj faktor
naziva se faktor naplavljenosti, a njegova veli¢ina zavisit ¢e o namjeni doticnog prostora, kao

1 0 koli€ini tereta, goriva, ili drugih predmeta smjeStenih u tom prostoru.

Pod naplavljeno$¢u opcenito smatramo omjer izmedu volumena prodrle vode i volumena

prostora u koji je voda prodrla (mjerenog do razine vode u tom prostoru).
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I povrSina vodne linije oSteCenog prostora nece biti jednaka povrSini presjeka ostecenog
prostora, nego ¢e biti smanjena zbog povrSine predmeta, koji se nalaze u doticnom prostoru u
podru¢ju vodne linije. To smanjenje povrSine vodne linije oSte¢enog prostora uzimamo u
obzir povrSinskim faktorom naplavljivosti kojeg definiramo analogno volumenskom faktoru
naplavljivosti. PovrSinski faktor naplavljivosti uzima se da je obi¢no jednak naplavljivosti

onog prostora kroz koji prolazi vodna linija. [4]

3.3.  Stabilitet broda kod prodora vode

Za sigurnost broda kod prodora vode nije dovoljno promatrati samo uzduzni nagib, dakle trim
broda, nego treba proracunati i nagibe u poprecnom smjeru, dakle nakretanje broda, kao i
poluge statiCkog stabiliteta, kako bi bili sigurni da otvori, koji nisu nepropusno zatvoreni,
necée do¢i ispod razine vode, kao i da brod ima dovoljan static¢ki i dinamicki stabilitet, da se u

ostecenom stanju moze oduprijeti djelovanju vjetra i valova.

Do naginjanja broda moze doc¢i ili uslijed nesimetri¢ne naplave vode u popre¢nom smjeru, ili
1 kod simetricne naplave, ako je metacentarska visina nakon prodora negativna. U slucaju
simetriéne naplave s obzirom na uzduznu os, uslijed prodora vode smanjuje se efektivna
povrSina vodne linije, dakle i njezini momenti tromosti Iz. Kako ukupna istisnina V, ostaje
ista, jer se izgubljena istisnina nadoknaduje dubljim uranjanjem 1 trimom broda, to se
smanjuje i metacentarski radijus Mo F. Buduci da se teziSte istisnine oSte¢enog broda podize,
zbog dubljeg uranjanja broda, povecava se udaljenost KF'. Budu¢i da metacentarsku visinu

nakon prodora vode dobivamo po formuli:
Mo'G=Mo'F +KF - KG, 1)
a polozaj teziSta sistema G se ne mijenja (prodrlu vodu gledamo kao izgubljenu istisninu),

vidimo da se metacentarska visina nakon prodora vode moze smanjiti ili povecati, ve¢ prema

tome je li ve¢e smanjenje metacentarskog radijusa ili poviSenje polozaja teziSta istisnine. [4]
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4. Pravila Klasifikacijskog drustva Bureau Veritas za stabilitet u
oSte¢enom stanju
4.1. Opcenito

Metacentarske visine (GM), poluge stabiliteta (GZ) i1 polozaji teziSta raCunaju se prema
metodi konstantne istisnine. U deterministickom pristupu izraduje se skupina slucajeva
ostecenja (damage cases), Ciji broj, kao i broj odjeljaka ukljucenih u svaki od slucajeva, ovisi
o dimenzijama broda i unutraSnjem rasporedu. Za svako stanje krcanja razmatra se svaki
slucaj ostecenja. Probabilisticki pristup uzima vjerojatnost prezivljavanja nakon sudara kao
mjeru sigurnosti broda u oSte¢enom stanju (subdivision index A). Proracuni se vrSe pri
odredenim gazovima i vrijednostima GM kako bi se dobila najmanja GM krivulja pri kojoj

postignuti indeks A udovoljava minimalnoj razini sigurnosti R. [6]

4.2. Dokumenti proracuna stabiliteta u oSteenom stanju
U sklopu proracuna stabiliteta u oste¢enom stanju potrebno je predoditi sljede¢e dokumente:
e popis karakteristika (volumen, teZiSte, faktor naplavljivosti) svakog odjeljka koji moze
biti ostecen
e tablicu otvora u pregradama, palubama i bokovima
e popis slucajeva oste¢enja (damage cases)
e detaljni rezultati proracuna stabiliteta u oSte¢enom stanju
e granicna GM/KG krivulja ako je predvideno
e opciplan
e uredaji za odvod (putnicki brodovi)
e raspored vodonepropusnih vrata i vrata nepropusnih za atmosferilije, proracun tlakova
e cijevi i oSteceno podrucje kad pucanje tih cijevi izaziva progresivnu naplavu

Progresivno naplavljivanje je dodatno naplavljivanje prostora koji se nisu smatrali oSte¢enima

(kroz otvore i cijevi). [6]

Fakultet strojarstva i brodogradnje 8



Viekoslav Grubisic Diplomski rad

4.3.

Propisana stanja krcanja tankera za prijevoz nafte u neoSte¢enom stanju i
velic¢ine oStecenja

Za tankere za prijevoz nafte potrebno je provesti proracune pri sljede¢im stanjima krcanja:

potpuno nakrcan brod na ljetnoj vodnoj liniji, sa punim kapacitetom goriva i zaliha
potpuno nakrcan brod na ljetnoj vodnoj liniji, sa 10% kapaciteta goriva i zaliha

potpuno nakrcan brod na ljetnoj vodnoj liniji, sa punim kapacitetom goriva i zaliha, ali
na gazu manjem nego na ljetnoj vodnoj liniji

potpuno nakrcan brod na ljetnoj vodnoj liniji, sa 10% kapaciteta goriva i zaliha, ali na
gazu manjem nego na ljetnoj vodnoj liniji

brod na ljetnoj vodnoj liniji, s tankovima tereta koji nisu do kraja puni i sa punim

kapacitetom goriva i zaliha

brod na ljetnoj vodnoj liniji, s tankovima tereta koji nisu do kraja puni i sa 10%

kapaciteta goriva i zaliha

dva stanja krcanja sa razli¢itim segregacijama tereta kako bi se pojavili slack tankovi,

s punim kapacitetom goriva i zaliha

dva stanja krcanja sa razli¢itim segregacijama tereta kako bi se pojavili slack tankovi,

s 10% kapaciteta goriva i zaliha

za tankere koji imaju segregirane balastne tankove provjerava se i stanje lakog broda

sa segregiranim balastom

Standardna stanja optere¢enja u knjizi trima 1 stabiliteta:

laki brod (ovdje se ne provjerava)
brod u balastu, bez tereta, sa punim kapacitetom zaliha i goriva

brod u balastu, bez tereta, sa 10% kapaciteta goriva i zaliha [6]

Fakultet strojarstva i brodogradnje 9
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Velicine oSteé¢enja

Poprecno oste¢enje mjeri se od unutrasnje strane oplate boka do simetrale pod pravi kutom,

na ljetnoj vodnoj liniji. Vertikalno oSte¢enje mjeri se od unutrasnje strane oplate dna na

simetrali.
Tablica 1. Opseg ostecenja

Popre lji Vertikal lji

Mjesto ostecenja UzduZna duljina osStecenja oprc::‘cn’a dy Jina ertl va nla d.u Jina
ostecenja ostecenja

Bok lc=1/3L,%%ili14,5m (1) | tc=B/5ili 11,5 m (1) vc = NO LIMIT
Dno -za 0.3 L, od FP Is=1/3 L, ?%ili 14,5m (1) | ts=B/6ili10m (1) | vs=B/15ili6m (1)
Dno - bilo koji drugi dio Is=1/3 L,%?ili 5 m (1) ts=B/6ili5m (1) | vs=B/15ili6m (1)

(1) manja vrijednost

Tablica 2. Standard oSteéivanja

Duljina broda (m) Ostecenje bilo gdje Ostecenje izmedu | Naplavljena strojarnica

po duljini broda popreénih pregrada

L < 100 NE DA (1) (2) NE

100 < L, < 150 NE DA (1) NE

150 < L <225 DA NE DA, jedino strojarnica
L. >225 DA NE DA

(1) strojarnica nije naplavljena

(2) izuzeta nekih zahtjeva mogu biti prihvacena od klasifikacijskog druStva u pojedinim

slu¢ajevima
Tablica 3. Opseg oStecenja dna
Nosivost UzduZna duljina Poprecna duljina Vertikalna duljina
ostecenja ostecenja ostecenja
< 75000t 04L, (1) B/3 (2
> 75000 t 0,6 L (1) B/3 2

(1) Mjereno od pramc¢ane okomice

(2) Proboj vanjske oplate

Fakultet strojarstva i brodogradnje 10
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Tablica 4. Propisani faktori naplavljivosti odredenih prostora na brodu

Odjeljak Naplavljivost
Zalihe 0,60
Smjestaj 0,95
Strojevi 0,85
Prazno 0,95
Potrosne tekucine 0-0,95(2)
Ostale tekucine 0-0,95(1)

(1) u slucaju djelomicno popunjenih odjeljaka — u skladu s koli¢inom tekuc¢ine u odjeljku

4.4. Kriteriji stabiliteta u oSte¢enom stanju
Pri proracunu stabiliteta u oSteCenom stanju brod mora zadovoljiti sljedece kriterije:
e krajnja vodna linija mora biti ispod donjeg ruba otvora kroz koje moze do¢i do
progresivnog naplavljivanja
e kut nagiba uslijed nesimetricne naplave ne smije pre¢i 25°, eventualno do 30° ako
paluba ne uranja

e stabilitet se moZe smatrati dovoljnim, ako krivulja poluga stati¢kog stabiliteta ima
minimalno 20° rezerve iznad stanja ravnoteZe, ako je u tom rasponu maksimalna
preostala metacentarska visina GM bar 0.1 m, a povrSina ispod krivulje u tom rasponu
0.0175 m-rad [6]

Fakultet strojarstva i brodogradnje 11
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5. Opis proracuna i programski sklop GHS

DEFINIRANJE 1ZV

UZDUZNE

IZRADA IZ

IZRADA GEOMETRIJSKOG
MODELA U PROGRAMU GHS
RSNE (RUN )DATOTEKE

ZA BROD U NEOSTECENOM STANJU
(raspored tezina, teret, balast, kriteriji
stabiliteta)

PRORACUN STABILITETA|

CVRSTOCE

VIESTAJA

Y

DEFINIRANJE BIBLIOTECNE (LIBRARY) DATOTEKE ZA
OSTECENA STANJA ( MACRO naredbe sa kriterijima

stabiliteta u oste¢enom stanju, kriticnim tockamai

pojedinim stanjima oStecenja - naplavljenitankovi)

}

DEFINIRANJERUN DATOTEKE
(poziva podatke iz LIBRARY
datoteke za pojedinislucaj

ostecenja)

v

PRORACUN STABILITETAI
UZDUZNE CVRSTOCE

!

IZRADA IZVJESTAJA

!

IZRADA MATRICE SA REZULTATIMA PRORACUNA STABILITETA, VELICINAMA

| LOKACIJAMA NAJVECIH MOMENATA SAVIJANJA I SMICNIH SILA ZA
POJEDINISLUCAJ OSTECENJA

IZRADA DIJAGRAMA SA PRIKAZOM NAJVECIH
MOMENATA SAVIJANJA ZA POJEDINI SLUCAJ,
NJIHOVIM POLOZAJIMA PO DULJINI BRODA |
ODSTUPANIJIMA MOMENATA OD VRIJEDNOSTI
U NEOSTECENOM STANJU

Slika 4.

Dijagram toka proracuna
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Programski sklop GHS

Za proraCune stabiliteta i uzduzne c¢vrstoce koriSten je programski paket GHS (General

Hydrostatics) [7]. GHS koristi geometrijski model broda koji uklju¢uje sve tankove i prostore

kao i sve elemente nadgrada izloZene vjetru. Geometrijski model je pohranjen u datoteci koja

se naziva geometrijska datoteka (Geometry File) i ima ekstenziju GF. Budu¢i da se svi

prora¢uni zasnivaju na geometriji, prvi korak svakog projekta je izrada geometrijskog modela.

Part
name
class
description
Heference Point
Tanks only:
side
substance

Component
name

Side

sounding-tube definition (optional)

effectiveness or permeability factor (adding vs. deducting)
translation Vector
margins (optional)

Shape
name
shell thicknesses
Section
longitudinal coordinate
Puoint

transverse coordinate
vertical coordinate
longitudinal line code (optional)

Slika5.  Hijerarhija geometrijskog modela

Fakultet strojarstva i brodogradnje
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Part HULL Component Shape
Effect Vector

Sta

Meters 18 57

Slika 6.  Geometrijski model tankera u programu GHS

Geometrijska datoteka sadrzi podatke o masama i teziStima tekucéina u tankovima, ali ne i
masu strukture i podatke ostalim (neteku¢im) opterecenjima. Mase se dijele na konstantne
(,,Fixed* weights) 1 mase tereta u tankovima (,,Tank* weights). Konstantne mase , ukljucujuci

masu lakog broda 1 njegovo teZiste definirane su u naredbama (,,Commands*) koje se nalaze u

izvr$nim datotekama (,,Run Files). GHS je program zasnovan na naredbama. Sve
informacije koje nisu u geometrijskoj datoteci zadaju se naredbama. Naredbama se takoder
definira Sto se Zeli uciniti s modelom. Naredbe se izvrSavaju sekvencijalno, jedna za drugom

pa je bitan redoslijed zadavanja naredbi. [8]
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Osnovni GHS moduli za izdradu modela su:
e Section Editor (SE) — sluzi za dodavanje, brisanje ili pomicanje dijelova i to¢aka
e Model Converter (MC) — sluzi za importiranje, a nekada i za eksportiranje datoteka

e Part Maker (PM) — naj¢eS¢e se koristi za izradu tankova, privjesaka i nadgrada u

geometrijskoj datoteci koja sadrzi definiran trup (hull part)

sa osnovnim proracunima i izvjestajima, ukljucujuc¢i proraune stabiliteta u osSte¢enom i

neoSte¢enom stanju.
Neki od dodatnih modula su:
e Conditional Graphics (CG) — graficki prikazuje optereéenja na ekranu i u izvjestajima
e Load Editor (LE) i Load Editor with windows (LEw) — za interaktivno upravljanje
opereéenjima

e Longitudinal Strength (LS) — proracunava krivulje smi¢nih sila, momenata savijanja i
progiba

Fakultet strojarstva i brodogradnje 15
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U bibliote¢noj (library) datoteci definirane su macro naredbe u kojima se nalaze kriteriji

stabiliteta za oSteCeno stanje, stanja krcanja, popis naplavljenih tankova i kriti¢ne tocke za

svaki pojedini slucaj ostecenja, te neke naredbe koje se javljaju u svim stanjima. Na slici 7.
prikazan je isjeCak iz bibliotecne datoteke. ,MACRO DAMLIM® je naredba kojom su
definirani kriteriji stabiliteta u oste¢enom stanju, ,,MACRO CRTPTSI* je naredba kojom se
definirane kriticne tofke koje ne smiju do¢i ispod vodne linije, a naredba ,,MACRO

FLOOD1* je naredba kojom se za Osteceno stanje 1 definira vrsta tereta, popunjenost teretnih

tankova te oSteceni tankovi u

koje je prodrla voda.

MACRO
limit
limit
limit
limit
limit
limit
/

MRCRO
echo
crtpt
crtpt
crtpt
crtpt
crtpt
crtpt
!

MACRO
conte
conte
conte
conte
conte
conte
LORD({

type
type
type
type
type
type

LOAD (Ctank-No3*) 98%
LORD{Ctank-Nod*) 98%
LOAD {Ctank-No5*) 98%
LOAD (Ctank-No&*) 98%
LORD{Slop*) 93%

DAMT.IM

off

title Damage Stability

absclute angle at equil < 235

angle from equil teo ral > 20

ra at max > 0.1

area from egquil to ral > 0.0175

CRTPTS1

on

{1} "™Rir pipe WB2.3"™ -224.37,21.5,23.86
{2) "Rir pipe WB2.p" -224.37,-21.5,23.86
(3) "Rir pipe CT2.3™ -224.37,1.2,24.78
{4) "Rir pipe CT2.p" -224.37,-1.2,24.76
{5) "Rir pipe After-peak.aft” 4.8,10.0,23.9
(&) "Accommodation™ -32.6,14.0,23.8

FLOOD1

nts (Ctank-No2*) cargo 0.8905305
nts (Ctank-No3*) cargo 0.8905305
nts (Ctank-Nod*) cargo 0.8905305
nt3s (Ctank-WoS5*) cargo 0.8905305
nts (Ctank-No&*) cargo 0.8905305
nts (Slop*) cargeo 0.89053035
Crank-No2*) 98%

{(DWbtank-Nol*) flooded
{(DCtank-Nol*) flooded
{IVoid.c) flooded
{DBsstore.c) flooded
{DChain-Lock.s) flooded
{DFore-peak.c) flooded

Slika7. Isjecak iz bibliote¢ne (library) datoteke

Fakultet strojarstva i brodogradnje
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U izvr$noj (run) datoteci definirani su algoritmi za proracuni stabiliteta i uzduzne ¢vrstoce
svakog pojedinog slucaja. Naredbama ,,load (*) 0 1 ,,delete all weight* osigurava se da nema
zadanih opterecenja ili dodanih masa jer su sva optereéenja i mase definirana u macro
naredbama STOR100 (zalihe i gorivo) i FLOOD1. Naredbom ,,damcon‘ pokrece se proracun
hidrostatskih karakteristika 1 stabiliteta u oSte¢enom stanju, a naredbom ,Is* proracun
uzduzne Cvrstoce. Za sva stanja oSte¢enja izradena je jedna zajedniCka izvrSna datoteka pri
¢emu se naredbom ,type (*) intact™ osigurava neoSteCeno stanje prije svakog novog

proracuna.

SUBTITLE

\

\

Y DRMAGE CONDITION 1.: HOMOGENOUS LOADED, T=17.1 m,100% STORES
% FLOODED: FCREPEAK ,BOSUN'S STORE, CHAIN-LOCK,
\ VOID, CT1, WBl

\

load (*) O

delete all weights

STOR100

. FLOODL

.damcon

DISPLAY (*) STATUS PROFILE:(QUTBORED, PROFILE, PLAN

1=

type (*) intact

SUBTITLE

\

%

Y DRMAGE CONDITION 2.: HOMOGENOUS LOADED, T=17.1 m,100% STORES
% FLOODED: FCREPEAK ,BOSUN'S STORE, CHAIN-LOCK,
Y VOID, CTl.s ,WBl.=

\

load (*) O

delete all weights

STOR100

. FLOOD2

.damcon

DISPLAY (*) STATUS PROFILE:(QUTBORED, PROFILE, PLAN

1=

type (*) intact

Slika 8. Isjetak iz izvrSne (run) datoteke
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6. Proracun stabiliteta i uzduzne ¢vrstoce

Stabilitet i uzduzna ¢vrstoca razmatrani su za tanker sljede¢ih dimenzija:

Tablica 5. Osnovne dimenzije broda

Duljina preko svega 281.20 m
Duljina izmedu okomica 270.00 m
Sirina 48.20m
Visina 23.00 m
Projektni gaz 16.00 m
Najveci gaz 17.10 m
Nosivost pri najve¢em gazu 166 447t

Slika9.  Generalni plan tankera [9]
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Proracuni su provedeni za brod na najve¢em dopuStenom gazu u neoSte¢enom stanju te za 21
razli¢iti slucaj oste¢enja. Svako stanje prikazano je iz tri razlicita pogleda: pogled sa strane
izvana, pogled sa strane uz prikaz tankova te pogled odozgo. Tankovi tereta u kojima je nafta
prikazani su crvenom bojom, a naplavljeni tankovi su zelenkasto-plave boje, kao i okolno
more. U prvom stanju oSte¢enja naplavljen je pramcani dio broda ukljucujuci oba teretna
tanka CTANK-NO1 kao i balastne tankove WBTANK-NO1 na oba boka. Oste¢eno stanje 2
takoder ukljuCuje osSteCenje pramca, uz osteivanje tankova samo na jednom boku; tanka
tereta CTANK-NO1-S. i WBTANK-NOL.-S. U stanjima ostecenja 3-7 oSteCena Su dva
uzastopna tanka tereta i balasta na jednom boku, pomicuci se od pramca prema krmi, kao npr.
u slucaju 3 gdje su osteeni tankovi tereta CTANK-NOL.S i CTANK-NO2.S te balastni
tankovi WBTANK-NOL.S i WBTANK-NO2.S. Stanja 8 1 9 kao i 17, 18 i 19 odnose se na
krmeni dio broda pri ¢emu je uzeto u obzir osteéivanje slop tankova, strojarnice te pumpne
stanice. 10. 1 11. stanje oStecenja daju uvid u jo§ dva moguca slucaja oSte¢enja pramcanog
dijela. Od 13. do 16. stanja razmatrano je o$te¢ivanje po dva uzastopna tanka tereta i balasta
na oba boka, kao npr. u stanju 13. gdje su naplavljena oba tanka CTANK-NO1 i CTANK-
NO2 te oba balastna tanka WBTANK-NO1 i WBTANK-NO2. Zadnja 2 stanja ostecenja, 20 i
21, prikazuju oSte¢ivanje dna pri ¢emu su naplavljeni balastni tankovi WBTANK-NO1-
WBTANK-NOS5 na jednom, a zatim na oba boka. Rezultati proracuna stabiliteta usporedeni
su sa kriterijima za stabilitet u oSteCenom stanju klasifikacijskog drustva Bureau Veritas.
Odredene su 1 kriti¢ne tocke koje ne smiju do¢i ispod razine vodne linije kako bi se sprijecilo
naplavljivanje. Izradeni Su Kkarakteristiéni dijagrami stabiliteta i uzduZne C¢vrstoce.
Dijagramima su prikazane najvece vrijednosti momenata savijanja za pojedina stanja, njihovi
polozaji po duljini broda te odstupanja od vrijednosti najve¢eg momenta za tanker u
neoStecenom stanju. Odabrana su i tri kritina stanja za koja se balastiranjem pokusalo
smanjiti iznos najveéeg momenta savijanja. U ovom poglavlju prikazani su rezultati
proracuna za tanker u neoSteCenom stanju te za OSte¢eno stanje 1 dok su rezultati proracuna

za ostala stanja oSte¢enja dana u prilogu.
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6.1.

Tanker u neoSte¢enom stanju

CONDITION: HOMOGENEOUS LOADED SHIP & 100% STORES

T = 17.10 [m]
Outboard Profile View
A P
Profile View

Flan View

Tanks

1 CTANE-MOL.8..... MR capgs
2 CTANE-MOL.F..... MR capgs
3 CTANK-M2.8..... MR caegs
4 CTANK-M2.F..... MR caegs
5 CTANK-MO3.8..... MR caegs
& CTANK-MO3.F..... MR caegs
T CTANK-MO4.5..... MR caogs
B CTANK-MO4.F..... MR caegs
9 CTANK-MOS.8..... MR caegs

10 CTANF-NOS.F.....
11 CTANE-WOE.5.....
12 CTANE-HOE.F
131 SLOP.S.....
14 SLOP.F.....
29 DI-SIR.P...
0 DO-STOR.P..
31 NFO=SETT.P.....
32 NFO=SEA1.P......
3131 NFO=SERZ.P......

3T MEZO=5TOR.F..... 8% LUNE OTL
3§ MECYLLO-STOR.P..54% LUNE OTL
39 MIZO=CTRC.C.....5% LUNE OTL

45 FRESH-WATIR.S..100% FRESE WATER
4E TIRD-WRTER.S5...100W FRESE WATER

Slika 10. Tanker u neoste¢enom stanju
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Tablica 6. Centracija broda u neos$tecenom stanju

Baseline draft:

WEIGHT STATUS

16.623 @ Origin

Trim: Fwd 1.01/270.00, Heel: zero
Part-------------- - - - - - - - - - -\ -\ ——\—\—— Weight (MT) ----LCG----— TCG—-—-—--- VCG
LIGHT SHIP 23,649.86 123.509f 0.000 13.800
CREW & EFFECTS 100.00 20.000f 0.000 19.000
MISCHELLANEOUS 30.00 80.000f 0.000 19.000

Total Fixed--------- > 23,779.86 123.019f 0.000 13.828
Load-—---- SpGr----- Weight (MT) ----LCG----— TCG————— VCG——————— FSM
CTANK-NO1.S 0.980 0.891 9,563.79 240.370f 7.923s 13.401 11082.2
CTANK-NO1.P 0.980 0.891 9,563.79 240.370f 7.923p 13.401 11082.2
CTANK-NO2.S 0.980 0.891 13,761.92 207.624f 10.642s 13.033 20175.1
CTANK-NO2.P 0.980 0.891 13,761.92 207.624f 10.642p 13.033 20175.1
CTANK-NO3.S 0.980 0.891 13,875.93 172.467f 10.726s 13.019 20399.1
CTANK-NO3.P 0.980 0.891 13,875.93 172.467f 10.726p 13.019 20399.1
CTANK-NO4.S 0.980 0.891 13,875.93 137.187f 10.726s 13.019 20400.1
CTANK-NO4.P 0.980 0.891 13,875.93 137.187f 10.726p 13.019 20400.1
CTANK-NO5.S 0.980 0.891 13,875.93 101.907f 10.726s 13.019 20409.6
CTANK-NOS5.P 0.980 0.891 13,875.93 101.907f 10.726p 13.019 20409.4
CTANK-NOG6. S 0.980 0.891 13,180.81 67.121f 10.346s 13.391 19098.4
CTANK-NOG6.P 0.980 0.891 13,180.81 67.121f 10.346p 13.391 19098.4
SLOP.S 0.980 0.891 2,792.88 44.631f 9.387s 14.448 3864.4
SLOP.P 0.980 0.891 2,792.88 44.631f 9.387p 14.448 3864.4
DO-SER.P 0.980 0.900 15.32 27.400f 12.900p 14.940 0.6
DO-STOR.P 0.980 0.900 118.74 28.840f 15.327p 14.940 54.6
HFO-SETT.P 0.980 0.991 84.34 37.176f 13.760p 14.940 14.1
HFO-SER1.P 0.980 0.991 42.17 31.863f 13.760p 14.940 7.1
HFO-SER2.P 0.980 0.991 42.16 33.988f 13.760p 14.940 7.1
HFO-STORL.P 0.980 0.991 1,632.45 33.492f 17.755p 16.272 1049.3
HFO-STORL.S 0.980 0.991 1,948.47 33.260f 17.195s 16.037 1382.9
AELO-STOR.P 0.980 0.900 3.95 11.600f 12.770p 19.519 0.2
MELO-STOR.P 0.980 0.900 28.17 10.859f 14.880p 19.519 18.2
MECYLLO-STOR.P 0.980 0.900 36.32 8.501f 14.620p 19.519 26.5
MELO-CIRC.C 0.980 0.900 25.55 23.170f 0.000 1.351 18.1
FRESH-WATER.S 1.000 1.000 231.47 9.710f 16.411s 20.777 0.0
FEED-WATER. S 1.000 1.000 132.30 13.386f 16.841ls 20.749 0.0
Total Tanks-—-------—- > 166,195.75 143.729f 0.031s 13.261 233436.4
Total Weight-------- > 189,975.62 141.137f 0.027s 13.332

Distances in METERS.

Moments in m.-MT.
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Tablica 7. Hidrostatske zna¢ajke broda u neoste¢enom stanju
HYDROSTATIC PROPERTIES
Trim: Fwd 1.01/270.00, No Heel, VCG = 13.332

LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB——————— cm————— LCF---cm trim----GML----- GMT
17.103 189,976.97 141.152f 8.953 123.65 128.728f 2403.66 341.61 5.881
Distances in METERS.----- Specific Gravity = 1.025.--—-—===-——- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included

Tablica 8. Poluge stati¢kog stabiliteta broda u neoSte¢enom stanju
RIGHTING ARMS vs HEEL ANGLE
Total CG: LCG =141.137f TCG = 0.027s VCG = 13.332

Free Surface Adjustment: 1.229
Adjusted CG: LCG =141.141f TCG = 0.027s VCG = 14.561

Origin Degrees of Displacement Righting Arms

Depth---Trim----Heel----Weight (MT)---in Trim--in Heel---> Area
16.620 0.21f 0.00 189,976.91 0.003a -0.027 0.0000
16.620 0.21f 0.27s 189,975.52 0.003a 0.000 -0.0001
16.586 0.22f 3.00s 189,975.23 0.002f 0.281 0.0066
16.489 0.23f 6.00s 189,975.72 0.000 0.593 0.0295
16.327 0.24f 9.00s 189,975.62 0.000 0.912 0.0689
16.103 0.26f 12.00s 189,975.64 0.000 1.241 0.1252
15.815 0.28f 15.00s 189,977.05 0.000 1.574 0.1989
15.515 0.32f 18.00s 189,978.44 0.000 1.824 0.2883
15.239 0.36f 21.00s 189,978.58 0.000 1.984 0.3883
14.982 0.41f 24.00s 189,975.72 0.000 2.077 0.4950
14.739 0.45f 27.00s 189,975.84 0.000 2.119 0.6048
14.606 0.47f 28.69s 189,975.22 0.002a 2.124 0.6675
14.502 0.49f 30.00s 189,976.27 0.000 2.121 0.7160
14.265 0.54f 33.00s 189,975.83 0.000 2.093 0.8264
14.019 0.59f 36.00s 189,975.91 0.000 2.037 0.9347
13.757 0.65f 39.00s 189,975.78 0.000 1.954 1.0392
13.664 0.67f 40.00s 189,976.02 0.000 1.920 1.0730
13.471 0.71f 42.00s 189,977.14 0.000 1.841 1.1387
13.155 0.77f 45.00s 189,978.27 0.000 1.696 1.2314
12.804 0.83f 48.00s 189,977.83 0.000 1.521 1.3158
12.418 0.89f 51.00s 189,977.63 0.000 1.320 1.3902
11.997 0.95f 54.00s 189,977.20 0.000 1.097 1.4535
11.544 1.01f 57.00s 189,977.09 0.000 0.856 1.5047
11.059 1.07f 60.00s 189,976.91 0.000 0.601 1.5430

Distances in METERS.---Specific Gravity = 1.025.---Area in m.-Rad.
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iCne sile za neoSteceno stanje
at 40.150f
at 120.030f (Sagging)

ijanja i smicne si

ta savijanj

-205,604 MT-m

-4,123.1 MT

Zaj najveceg momen

Tablica 9. Iznos i polo
Largest Bending Moment:

Largest Shear:
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6.2. OStecena stanja — primjer stanja 1

OSteéeno stanje 1

DAMAGE CONDITION 1.: HOMOGENOUS LOADED, T=17.1 m,100% STORES
FLOODED: FOREPEAK ,BOSUN'S STORE, CHAIN-LOCK,

VOID, CT1, WB1

Cutboard Profile View

epd

N 3

Profile View

Tanks 5B MECTLLO-STOR.P. . §d% #€ DBSSTORE.C..... Fin
% CTANE-EDZ 59 MELO-CIAC.C..... 1]

4 CTANE-EDZ 45 FRESE-WATER.S..108% i

5 CTANE-EDA 46 FEED-WATER.S...108% ﬁi&‘;ﬁ- E.‘.n“
B CTANK-EDd 5% DCTANE-HDL.S... FLD cpd Alr pips W2l p

T CTAEE-ET4 54 DCTAEE-NOL.P FLD cpd Air pipm CT2.a

B CTANE-BD4 BT DNETANK-NDL.5.. FLD cpd Adr pips CT2.p

§ CTANK-EDS B [METASK-NOL.P.. FLD g8 Alr pips After-peak.sft
10 CTAEE-EDS T4 DFORE-FEAK.C FLD cpé Accommodation

11 CTASE-EDE 9% DCEAIN-LOCK.S.. FLD

1¥ CTASK-EDE 95 moID.C FLD

Slika 13. Naplavljeni tankovi u Oste¢enom stanju 1
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Tablica 10. Naplavljeni tankovi i kriti¢ne tocke za OSte¢eno stanje 1
Baseline draft: 15.254 @ Origin

Trim: Fwd 5.22/270.00, Heel: Stbd 0.28 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 198,057.64 145.877f 0.054s 9.360
DCTANK-NO1.S Flooded 1.025 -9,108.36 240.427f 7.849s 11.682
DCTANK-NOL.P Flooded 1.025 -9,063.09 240.437f 7.831p 11.641
DWBTANK-NO1.S Flooded 1.025 -3,170.71 242.293f 12.552s 6.708
DWBTANK-NO1.P Flooded 1.025 -3,154.43 242.293f 12.527p 6.640
DFORE-PEAK.C Flooded 1.025 -2,115.39 266.007f 0.000 8.303
DCHAIN-LOCK.S Flooded 1.025 -70.34 263.353f 2.566s 17.181
DVOID.C Flooded 1.025 -661.95 265.413f 0.003s 16.902
DBSSTORE.C Flooded 1.025 -5.74 266.690f 1.382s 20.361
Total Displacement--> 1.025 170,707.64 130.235f 0.056s 9.194
Righting Arms: 0.000 0.000s
Distances in METERS.-—-—————————————————————————————————————— Moments in m.-MT.
Critical Points-—--—-=-—==-—---——-—————— LCP-—--—- TCP----- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 4.158
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 4.370
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 5.158
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 5.170
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 8.688
(6) Accommodation FLOOD 32.600f 14.000s 23.800 7.844

Distances in METERS.----——————————————————————— - ——————

Tablica 11. Hidrostatske karakteristike za OSteceno stanje 1
HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 5.22/270.00, Heel: Stbd 0.28 deg., VCG = 13.320
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———--— LCF---cm trim-—---GML----- GMT
17.505 170,707.64 130.235f 9.194 108.84 116.335f 1630.58 257.90 6.378
Distances in METERS.----- Specific Gravity = 1.025.-——=——-——-- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point-—-—-——————————c———o—— LCP-———- TCP-—-—- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Tablica 13. Rezultati proracuna stabiliteta i uzduzne ¢vrstoce (OStecena stanja 1 — 8)

NAJVECI
STANIJE NAPLAVLEENI KRITERUI STABILITETA POSTIGNUTO MOMENT
TANKOVI SAVIJANJA
(t-m)
Kriteriji stabiliteta u neoSte¢enom stanju
NEOSTECENO STANJE, (1) Pocetna metacentrska visina > 0.15m 5.88
HOMOGENO (2) Povrsinaispod krivulje do 30° > 0.055 m-rad 0.7161
NATOVAREN BROD SA - (3) Povr%ina ispod krivulje do 40° > 0.09 m-rad 0.1073 -205604
100% ZALIHA (4) Povrsina ispod krivulje od 30° do 40° > 0.03 m-rad 0.357
(5) Poulga stabiliteta pri 30° >0.2m 2.12
(6) Najveca poluga satbiliteta pri kutu > 25° 28.69
DCTANK-NO1.S Kriteriji stabiliteta u oStecenom stanju
DCTANK-NO1.P |(1) Kut ravnoteze <25° 0°
STANJE OSTECENJA 1, | DWBTANK-NOL.S |(2) Raspon kuteva od stanja ravnoteze do GZ=0 >20° 64°
HOMOGENO DWBTANK-NO1.P |(3) GM u tom rasponu kuteva mora biti >0.1m 1.97 102383
NATOVAREN BROD SA | DFORE-PEAK.C |(4) Povrsina ispod krivulje od kuta ravnoteZze do GZ=0 [>0.0175 m-rad 1.398
100% ZALIHA DCHAIN-LOCK.S
DVOID.C
DBSSTORE.C
DCTANK-NOL1.S Kriteriji stabiliteta u oSte¢enom stanju
STANJE OSTECENJA 2, | DWBTANK-NOL.S [(1) Kut ravnoteZe <25° 2°
HOMOGENO DFORE-PEAK.C |(2) Raspon kuteva od stanja ravnoteze do GZ=0 >20° 62° 919%6
NATOVAREN BROD SA | DCHAIN-LOCK.S |(3) GM u tom rasponu kuteva mora biti >0.1m 1.76
100% ZALIHA DVOID.C (4) Povr3ina ispod krivulje od kuta ravnote?e do GZ=0 |[>0.0175 m-rad 1.2318
DBSSTORE.C
STANJE OSTECENJA3, DCTANK-NO1.S _ Kriteriji stabiliteta u oSte¢enom stanju
HOMOGENO DCTANK-NO2.S |(1) Kut ravnoteZe : _ <25° 4°
NATOVAREN BROD SA DWBTANK-NOL.S [(2) Raspon kuteva od stanja ravnote.zt.e doGZ=0 >20° 61° -137991
100% ZALIHA DWBTANK-NO2.S[(3) GZ u tom rasponu kuteva mora biti >0.1m 1.54
(4) Povrsina ispod krivulje od kuta ravnoteze do GZ=0 [>0.0175 m-rad 1.0714
STANJE OSTECENJA 4, DCTANK-NO2.S Kriteriji stabiliteta u oSte¢enom stanju
HOMOGENO DCTANK-NO3.S |(1) Kut ravnoteze <25° 4°
NATOVAREN BROD SA DWBTANK-NO2.S [(2) Raspon kuteva od stanja ravnoteZe do GZ =0 >20° 62° -226782
100% ZALIHA DWBTANK-NO3.S |(3) GM u tom rasponu kuteva mora biti >0.1m 1.54
(4) Povrsinaispod krivulje od kuta ravnoteze do GZ=0 |>0.0175 m-rad 1.0946
STANJE OSTECENJA 5, DCTANK-NO3.S Kriteriji stabiliteta u oSte¢enom stanju
HOMOGENO DCTANK-NO4.S |(1) Kut ravnoteZe <25° 4°
NATOVAREN BROD SA DWBTANK-NO3.S |(2) Raspon kuteva od stanja ravnoteiie‘do GZ=0 >20° 62° -285573
100% ZALIHA DWBTANK-NOA4.5|(3) GM u tom rasponu kuteva mora biti >0.1m 1.60
(4) Povrsina ispod krivulje od kuta ravnoteZze do GZ=0 |>0.0175 m-rad 1.1300
STANJE OSTECENJA6, DCTANK-NO4.S Kriteriji stabiliteta u oStecenom stanju
HOMOGENO DCTANK-NOS.S (1) Kut ravnoteZe <25° 4°
NATOVAREN BROD SA DWBTANK-NOA4.S [(2) Raspon kuteva od stanja ravnoteZe do GZ=0 >20° 62° -290340
100% ZALIHA DWBTANK-NO5.S [(3) GM u tom rasponu kuteva mora biti >0.1m 1.62
(4) Povrsina ispod krivulje od kuta ravnoteZe do GZ=0 |>0.0175 m-rad 1.4310
STANJE OSTECENJA7, DCTANK-NOS5.S _ Kriteriji stabiliteta u oSte¢enom stanju
HOMOGENO DCTANK-NO6.S [(1) Kut ravnoteZe <25° 4°
NATOVAREN BROD SA | PWBTANK-NO5.S (2) Raspon kuteva od stanja ravhoteZe do GZ =0 >20° 63° -250849
100% ZALIHA DWBTANK-NOS.S [(3) GZ u tom rasponu kuteva mora biti >0.1m 1.58
(4) Povrsina ispod krivulje od kuta ravnoteZze do GZ=0 |>0.0175 m-rad 1.5120
STANJE OSTECENJAS, DCTANK-NO6.S _ Kriteriji stabiliteta u oSte¢enom stanju
HOMOGENO DSLOP.S (1) Kut ravnoteze <25° 2°
NATOVAREN BROD SA DWBTANK-NOG.S |(2) Raspon kuteva od stanja ravnoteZe do GZ=0 >20° 64° -208500
100% ZALIHA (3) GM u tom rasponu kuteva mora biti >0.1m 1.85
(4) Povrsinaispod krivulje od kuta ravnoteze do GZ=0 |>0.0175 m-rad 1.3302
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Tablica 14. Rezultati proracuna stabiliteta i uzduzZne ¢vrstoce (OStecena stanja 9 — 15)

NAJIVECI
STANJE NAPLAVLIENI KRITERLI STABILITETA POSTIGNUTO| MO VENT
TANKOVI SAVIJANJA
(t-m)
DCTANK-NO6.S Kriteriji stabiliteta u oSte¢enom stanju
STANJE OSTECENJA 9, DSLOP.S (1) Kut ravnotee <25° 6°
HOMOGENO DWBTANK-NOG.S [(2) Raspon kuteva od stanja ravnoteZe do GZ =0 >20° 55° 78841
NATOVAREN BROD SA | DHFO-STORL.S |(3) GMu tom rasponu kuteva mora biti >0.1m 1.03
100% ZALIHA DPUMPROOM.C |(4) Povrdinaispod krivulje od kuta ravnotefe do GZ=0 [>0.0175 m-rad 0.6510
DENGINE-ROOM.C
STANJE OSTECENJA 10, DCTANK-NO1.S Kriteriji stabiliteta u oSte¢enom stanju
HOMOGENO DWBTANK-NO1.S |(1) Kut ravnoteZe <25° 2°
NATOVAREN BROD SA |_DFORE-PEAK.C |(2) Raspon kuteva od stanja ravnoteze do GZ=0 >20° 63° -105864
100% ZALIHA (3) GM u tom rasponu kuteva mora biti >0.1m 1.82
(4) Povrsina ispod krivulje od kuta ravnoteze do GZ=0 [>0.0175 m-rad 1.2997
STANJE OSTECENJA 11, DCTANK-NO1.S Kriteriji stabiliteta u oSte¢enom stanju
HOMOGENO DCTANK-NO1.P |(1) Kut ravnoteZe <25° 0°
NATOVAREN BROD SA DWBTANK-NO1.S |(2) Raspon kuteva od stanja ravnoteZe do GZ=0 >20° 65° -69162
100% ZALIHA DWBTANK-NO1.P |(3) GM u tom rasponu kuteva mora biti >0.1m 2.05
DFORE-PEAK.C |(4) Povrsina ispod krivulje od kuta ravnoteze do GZ=0 |>0.0175 m-rad 1.4812
DCTANK-NOLS Kriteriji stabiliteta u oStecenom stanju
L DCTANK-NO1.P |(1) Kut ravnoteZe <25° 0°
STANJE OSTECENJA 12, | pCTANK-NO2.S [(2) Raspon kuteva od stanja ravnotee do GZ =0 >20° 65°
HOMOGENO DCTANK-NO2.P [(3) GZ u tom rasponu kuteva mora biti >0.1m 2.04 65171
NATOVAREN BROD SA | pwBTANK-NO1.S (4) Povrsina ispod krivulje od kuta ravnoteZze do GZ=0 [>0.0175 m-rad 1.4627
100% ZALIHA DWBTANK-NO1.P
DWBTANK-NO2.S
DWBTANK-NO2.P
DCTANK-NO2.S Kriteriji stabiliteta u oSte¢enom stanju
DCTANK-NO2.P |(1) Kut ravnoteZe <25° 0°
STANJE OSTECENJA 13, [ DCTANK-NO3.S |(2) Raspon kuteva od stanja ravnote’e do GZ =0 >20° 67°
HOMOGENO DCTANK-NO3.P [(3) GM u tom rasponu kuteva mora biti >0.1m 2.08 247184
NATOVAREN BROD SA | pDWBTANK-NO2.S |(4) Povriina ispod krivulje od kuta ravnoteze do GZ=0 |>0.0175 m-rad 1.5489
100% ZALIHA DWBTANK-NO2.P
DWBTANK-NO3.S
DWBTANK-NO3.P
DCTANK-NO3.S Kriteriji stabiliteta u oSte¢enom stanju
DCTANK-NO3.P |(1) Kut ravnoteze <25° 0°
STANJE OSTECENJA 14, [ DCTANK-NO4.S |(2) Raspon kuteva od stanja ravnote’e do GZ =0 >20° 66°
HOMOGENO DCTANK-NOA4.P |(3) GZ u tom rasponu kuteva mora biti >0.1m 2.05 313377
NATOVAREN BROD SA | pWBTANK-NO3.5 |(4) Povriina ispod krivulje od kuta ravnoteze do GZ=0 |>0.0175 m-rad 1.5248
100% ZALIHA DWBTANK-NO3.P
DWBTANK-NO4.S
DWBTANK-NO4.P
DCTANK-NO4.S Kriteriji stabiliteta u oStecenom stanju
L DCTANK-NOA4.P |(1) Kut ravnoteze <25° 0°
STANJE OSTECENJA 15, [ DCTANK-NOS5.S [(2) Raspon kuteva od stanja ravnotee do GZ =0 >20° 66°
HOMOGENO DCTANK-NOS5.P  |(3) GM u tom rasponu kuteva mora biti >0.1m 2.05 -313486
NATOVAREN BROD SA [ pwBTANK-NO4.S (4) Povrsina ispod krivulje od kuta ravnoteze do GZ=0 [>0.0175 m-rad 1.5192
100% ZALIHA DWBTANK-NO4.P
DWBTANK-NO5.S
DWBTANK-NOS5.P
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Tablica 15. Rezultati proracuna stabiliteta i uzduzne ¢vrstoce (OStecena stanja 16 — 21)

NAJVECI
STANJE NAPLAVLIENI KRITERII STABILITETA posTiGNUTO| MOMENT
TANKOVI SAVIJANJA
(t-m)
DCTANK-NOS.S Kriteriji stabiliteta u oSte¢enom stanju
DCTANK-NOS.P  |(1) Kut ravnoteZe <25° 0°
STANJE OSTECENJA 16, | DCTANK-NO6.S |(2) Raspon kuteva od stanja ravnote¥e do GZ =0 >20° 66°
HOMOGENO DCTANK-NOG6.P  |(3) GM u tom rasponu kuteva mora biti >0.1m 1.98 265743
NATOVAREN BROD SA [ DWBTANK-NOS.S |(4) Povrsina ispod krivulje od kuta ravnote?e do GZ=0 [>0.0175 m-rad 1.4816
100% ZALIHA DWBTANK-NOS.P
DWBTANK-NO6.S
DWBTANK-NOG6.P
DCTANK-NO6.S Kriteriji stabiliteta u oSte¢enom stanju
STANJE OSTECENJA 17, | DCTANK-NO6.P |(1) Kut ravnoteze <25° 0°
HOMOGENO DSLOP.S (2) Raspon kuteva od stanja ravnoteze do GZ=0 >20° 66° -209036
NATOVAREN BROD SA DSLOP.P (3) GM u tom rasponu kuteva mora biti >0.1m 2.03
100% ZALIHA DWBTANK-NO6.S |(4) Povréina ispod krivulje od kuta ravnoteie do GZ=0 |[>0.0175 m-rad 1.5244
DWBTANK-NOG6.P
STANJE OSTECENJA 18, DSLOP.S Kriteriji stabiliteta u oStecenom stanju
HOMOGENO DSLOP.P (1) Kut ravnoteze <25° 0°
NATOVAREN BROD SA | DPPUMPROOM.C |(2) Raspon kuteva od stanja ravnoteze do GZ=0 >20° 66° -203802
100% ZALIHA (3) GM u tom rasponu kuteva mora biti >0.1m 2.12
(4) Povrsinaispod krivulje od kuta ravnoteze do GZ=0 |>0.0175 m-rad 1.5748
STANJE OSTECENJA 19, DPUMPROOM.C Kriteriji stabiliteta u oSte¢enom stanju
HOMOGENO DENGINE-ROOM.C|(1) Kut ravnotezZe <25° 0°
NATOVAREN BROD SA (2) Raspon kuteva od stanja ravnoteZe do GZ=0 >20° 62° -72331
100% ZALIHA (3) GM u tom rasponu kuteva mora biti >0.1m 1.72
(4) Povrsina ispod krivulje od kuta ravnoteZze do GZ=0 |>0.0175 m-rad 1.1877
DWBTANK-NO1.S Kriteriji stabiliteta u oStecenom stanju
STANJE OSTECENJA 20, [ DWBTANK-NO2.5 |(1) Kut ravnoteZe <25° 13°
HOMOGENO DWBTANK-NO3.5 |(2) Raspon kuteva od stanja ravnoteze do GZ =0 >20° 63° 255822
NATOVAREN BROD SA [ pwBTANK-NO4.S |(3) GM u tom rasponu kuteva mora biti >0.1m 0.86
100% ZALIHA DWBTANK-NOS.S |(4) Povrsinaispod krivulje od kuta ravnoteze do GZ=0 |>0.0175 m-rad 0.6386
DFORE-PEAK.C
DWBTANK-NO1.S Kriteriji stabiliteta u oSte¢enom stanju
DWBTANK-NO1.P |(1) Kut ravnoteZe <25° 0°
DWBTANK-NO2.S |(2) Raspon kuteva od stanja ravnoteZe do GZ=0 >20° 42°
DWBTANK-NO2.P [(3) GM u tom rasponu kuteva mora biti >0.1m 1.12
DWBTANK-NO3.S [(4) Povrsinaispod krivulje od kuta ravnoteze do GZ=0 |>0.0175 m-rad 0.7753
STANJE OSTECENJA 21, | DWBTANK-NO3.P
HOMOGENO DWBTANK-NO4.S -286105
NATOVAREN BROD SA |DWBTANK-NO4.P
100% ZALIHA DWBTANK-NO5.S
DWBTANK-NOS5.P
DFORE-PEAK.C
DCHAIN-LOCK.S
DCHAIN-LOCK.P
DBSSTORE.
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6.3. Kriti¢na stanja

U slucaju nesrece vrlo je bitno da posada ima smjernice kako reagirati. U pogledu stabiliteta
brod zadovoljava sve kriterije u svim sluajevima osStecenja, 1 to sa velikom rezervom. Kao
kriterij uzduzne ¢vrstoCe uzima se moment otpora popre¢nog presjeka, koji se u oste¢enom
stanju ne smije smanjiti vise od 10%. Podaci o momentu otpora u oSte¢enom stanju nisu
dostupni. Ovdje je kao proizvoljni kriterij uzeto povecanje momenta savijanja od 10% u
odnosu na neoSteceni brod §to iznosi -226 165 t. Razmatrana su stanja ostecenja 6, 15 i 21.
Stanje 6 je uzeto u razmatranje jer se u tom stanju javlja najve¢i moment savijanja za slucaj
kad su oStecena 2 uzastopna tanka na jednom boku. U Oste¢enom stanju 15 javlja se najveci
moment savijanja od svih stanja, a u Oste¢enom stanju 21 naplavljeni su balastni tankovi duz

oba boka. Balastiranjem se pokusalo smanjiti moment savijanja do odredene granice.

Tablica 14. Balastiranje u kriti¢nim stanjima

STANJE BALASTIRANI DOZVOLJENI | MOMENT PRIJE MOMENT
OSTECENJA TANKOVI MOMENT () | BALASTIRANJA NAKON
) BALASTIRANJA
®
6 DWhbtank-NoZ.p 70% -226 165 -290 340 -209 340

DWhbtank-No2.p 40%

15 DWhbtank-Nol.p 98% -226 165 -313 486 -257 331
DWhbtank-Nol.s 98%

21 DWhbtank-No6.p 98% -226 165 -286 105 -286 141
DWhbtank-No6.s 98%

Vidljivo je da je jedino u slucaju ostecenja 6 zadovoljena granice dozvoljenog momenta. U
slu¢aju 15 kod kojeg se javlja najve¢i moment savijanja od -313 486 t, balastiranjem se
uspjelo smanjiti moment za 18%. Balastiranje u slucaju 21 nije donijelo nikakvih pomaka te
moment 1 dalje znafajno premasuje odredenu granicu. Ako bi ovu granicu smatrali

relevantnom, u slucajevima 15 i 21 posada bi trebala napustiti brod.
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7. Zakljucak

Ovim radom ispitane su karakteristike stabiliteta i uzduzne Cvrstoce tankera u oStecenom
stanju, kako bi se dobio uvid u ponasanje broda u slucaju nesrece, te moguce posljedice za
okolis. Odabran je potpuno, homogeno natovaren brod, te je za njega modelirano 21 stanje
oSte¢enja. Nakon provedenih proracuna i1 usporedbe sa rezultatima za neoStec¢eno stanje moze
se zakljuciti da:

e brod u svim stanjima ostec¢enja zadovoljava sve kriterije stabiliteta, uz veliku rezervu

e Kkut bo¢nog nagiba ne prelazi 6°, osim u slucaju oste¢enja 20 gdje iznosi 13°

e najmanja poluga statickog stabiliteta iznosi 0.86 m, u stanju oStecenja 20

e kriterij uzduzne ¢vrstoce za oste¢eno stanje je najvece dopusteno smanjenje momenta

otpora od 10%

e nije moguca procjena dozvoljenih momenata savijanja zbog nepoznavanja momenta
otpora poprec¢nog presjeka u oSte¢enom stanju
e U 12 od 21 ostecenog stanja, moment savijanja se povecava, dok se u 9 slucajeva
smanjuje
e najve¢i moment savijanja javlja se u stanju ostecenja 15 i iznosi -313 486 MT, S§to je
povecanja od 52.47% u odnosu na moment u neoste¢enom stanju
e najvedi moment savijanja nastupa na 124 m ispred krmene okomice
e uslucaju oStecenja 12 moment savijanja se smanjuje za ¢ak 68.3%
e balastiranjem se ne moze uvijek posti¢i smanjenje momenata savijanja
U slucaju ovog broda puno je veca opasnost od loma strukture nego od njegovog prevrtanja te
je potrebno paznju posvetiti proracunu i izvedbi konstruktivnih elemenata, redovitom
odrZavanju i1 nadzoru broda. Neoprezno balastiranje s ciljem ispravljanja broda moze takoder

imati velikog utjecaja na optere¢enja broda te moZe dovesti do pucanja i gubitka broda Sto

kao posljedicu ima nepopravljivu Stetu za okolis.
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PRILOZI

I.  CD-Rdisc
Il.  Rezultati proracuna za OStecena stanja 2 - 21

I. OSteceno stanje 2

DAMAGE CONDITION 2.: HOMOGENOUS LOADED, T=17.1 m,100% STORES
FLOODED: FOREPEAK ,BOSUN'S STORE, CHAIN-LOCK,

VOID, CTl.s ,WBl.s

Cutboard Profile View

Profile View

Plan View

Critical Points
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Slika 19. Naplavljeni tankovi u OSte¢enom stanju 2
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Tablica 15. Naplavljeni tankovi i kriti¢ne tocke za OSte¢eno stanje 2

Baseline draft: 15.722 @ Origin

Trim: Fwd 3.72/270.00, Heel: Stbd 1.81 deg.

Displ (MT) --—-LCB----- TCB----- VCB
HULL 1.025 194,902.89 144.251f 0.352s 9.200
DCTANK-NO1.S Flooded 1.025 -8,744.89 240.362f 7.885s 11.352
DWBTANK-NO1.S Flooded 1.025 -3,125.93 242.216f 12.513s 6.520
DFORE-PEAK.C Flooded 1.025 -2,115.40 266.007f 0.000 8.303
DCHAIN-LOCK.S Flooded 1.025 -60.05 263.352f 2.571s 16.716
DVOID.C Flooded 1.025 -565.28 265.552f 0.128s 16.404
DBSSTORE.C Flooded 1.025 0.00
Total Displacement--> 1.025 180,291.34 136.042f 0.220p 9.127
Righting Arms: 0.003a 0.000s
Distances in METERS.-——=——————————————————————— - —————— Moments in m.-MT
Critical Points-—---—--—---""----—--——- LCP-—--—- TCP-—--—- VCP--—-- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 4.364
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 5.723
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 5.905
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 5.981
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 7.923
(6) Accommodation FLOOD 32.600f 14.000s 23.800 7.181

Distances in METERS.-———————————— - - -

Tablica 16. Hidrostatske karakteristike za OSte¢eno stanje 2

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 3.72/270.00, Heel: Stbd 1.81 deg., VCG = 13.326
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB-----— VCB-——————— cm——-—-—-— LCF---cm trim----GML----- GMT
17.407 180,291.34 136.042f 9.127 115.54 122.294f 1981.87 296.80 6.201
Distances in METERS.-----— Specific Gravity = 1.025.-——-—-——-—--- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point-----------—--—-—-———--——— LCP-==-- TCP-—--- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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ii. Osteéeno stanje 3

DAMAGE CONDITION 3.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CTl.s ,WBl.s, CT2.s, WB2.s

Cutboard Profile View

iy
i

D,

Brofile View

Tanks Critical Points
. 3§ AELO=STOR.F..... (ET ]

1 CTANK-BDL.5..... [t Baneeoeee. . BER 5T MELO-STOR.T..... 1eh cpl Air pips WEd.a

i cTAEE-EOL. 3§ MECTLLO-STOR. F. .39% cpi Adr pips wad.p

4 CTANE-NDI =pd Air pipm CTi.a

B CTANE-NDA =pd Air pipm CT2

T cTANK-ED4 cpS Alr pips Aftes-peak.sft
B CTANE-ED4 cpé Accomaodatios

§ CTAENE-FDS
10 CTAN®-BDS
11 CTAE®-m0é

Slika 22. Naplavljeni tankovi u OSte¢enom stanju 3
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Tablica 18. Naplavljeni tankovi i kriti¢ne tocke za OSte¢eno stanje 3

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.058 @ Origin

Trim: Fwd 2.95/270.00, Heel: Stbd 3.84 deg.

Displ (MT)----LCB-—---- TCB-—---- VCB
HULL 1.025 194,573.20 143.296f 0.751s 9.193
DCTANK-NOL.S Flooded 1.025 -8,716.22 240.306f 7.948s 11.328
DCTANK-NO2.S Flooded 1.025 -12,594.48 207.666f 10.760s 10.949
DWBTANK-NO1.S Flooded 1.025 -3,148.95 242.182f 12.561ls 6.617
DWBTANK-NO2.S Flooded 1.025 -3,597.77 207.259f 16.136s 5.121
Total Displacement--> 1.025 166,515.81 130.097f 0.938p 9.086
Righting Arms: 0.002a 0.000s
Distances in METERS.-——————————————————————————————————————— Moments in m.-MT.
Critical Points-—--—---——=-—---—-=-———-——- LCP---—- TCP--—-- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 3.892
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 6.774
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 6.150
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 6.311
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 7.206
(6) Accommodation FLOOD 32.600f 14.000s 23.800 6.430

Distances in METERS.-—————————————————— -

Tablica 19. Hidrostatske znac¢ajke za OSteéeno stanje 3
HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 2.95/270.00, Heel: Stbd 3.84 deg., VCG = 13.351
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———--— LCF---cm trim-—---GML----- GMT
17.334 166,515.81 130.097f 9.086 108.44 116.541f 1833.86 297.35 6.310
Distances in METERS.----- Specific Gravity = 1.025.-——-----———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------—--———- LCP-—--- TCP----- vCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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iCne sile za Osteceno stanje 3
at 40.150f
at 107.800f (Sagging)

ijanja i smicne si

ta savijanj

4

-3,528.8 MT
-137,991 MT-m

Zaj najveCeg momen

Largest Bending Moment:

Tablica 20. Iznos i polo
Largest Shear:
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Zne ¢vrstoce za OSteceno stanje 3
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Karakteristike uzdu

Slika 24.
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iii. Osteceno stanje 4
DAMAGE CONDITION 4.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT2.s, WB2.s, CT3.s, WB3.s

i)
i

N )

Profile View

Plan View

Tanks Critical Points
36 KILO=STOR.F.....88%
T CTANK-MOL.F..... 11 K 3T MELO=STOR-F.....88% ol Alr pips WHZI.a
4 CTANK-MO2.F..... 11 [N 38 MICYLIO=5TOR. 7. .04 52 Alr pips WRI.p
5 CTANK-MO3.5..... s i 39 MELO=CIRC.C.....38% o) Alr pips CTI.a
B CTANK-MO1.F 45 FRISH-WRTER.S..100% o4 Alc pips CTI.p
T CTANK-HO4 .5 46 FRID-WRTER.S...1004 % Alr pips AfEec-paak.sft
B CTANK-HO4.F7 33 DCTANK-MOL.5... FLD cpt Accommccatian
¥ CTANK-MOS.5 35 DCTANK-MOZ.5... FLD
10 CTANK-MOS.F..... 11 &7 DWETANK=MO1.5.. FLD
FLD

Slika 25. Naplavljeni tankovi u OStecenom stanju 4
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Tablica 21. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 4

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.378 @ Origin

Trim: Fwd 2.27/270.00, Heel: Stbd 4.42 deg.

Displ (MT)----LCB-—---- TCB-—---- VCB
HULL 1.025 194,521.34 142.431f 0.866s 9.191
DCTANK-NO2.S Flooded 1.025 -12,520.36 207.650f 10.784s 10.903
DCTANK-NO3.S Flooded 1.025 -12,403.21 172.505f 10.873s 10.746
DWBTANK-NO2.S Flooded 1.025 -3,599.73 207.252f 16.140s 5.129
DWBTANK-NO3.S Flooded 1.025 -3,797.43 172.468f 16.574s 5.090
Total Displacement--> 1.025 162,200.61 132.955f 1.372p 9.126
Righting Arms: 0.001 0.000s
Distances in METERS.-———-———————————————————————————————————— Moments in m.-MT.
Critical Points-—--—--—-=----—-=-——--——- LCP---—- TCP--—-- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 3.919
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 7.229
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 6.379
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 6.564
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 6.770
(6) Accommodation FLOOD 32.600f 14.000s 23.800 6.048

Distances in METERS.-—————————————————— -

Tablica 22. Hidrostatske karakteristike za OSteceno stanje 4
HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 2.27/270.00, Heel: Stbd 4.42 deg., VCG = 13.383
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———--— LCF---cm trim-—---GML----- GMT
17.384 162,200.61 132.955f 9.126 106.60 119.332f 2116.83 352.37 6.190
Distances in METERS.----- Specific Gravity = 1.025.-———--—-———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------—--———- LCP-—--- TCP----- vCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Iv. Osteéeno stanje 5

DAMAGE CONDITION 5.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT3.s, WB3.s,

CT4.s, WB4.s

Outboard Profile View

|

Profile View

3¢ ARELO=STOR.-F.....H %
IT MELO=STOR.F.....H%
AF MECYLLO=5TOR.F.. 8%
A% MELO=CIRC.C.....H%

45 FRISH-WATIR.S5..100%
4B TRID-WRTER.S...100%
5T DCTANK-MO1.5...
59 DCTANK-MO4.5...
71 DWBTANK-MO3.5..
73 DWRTANK-MO04.5..

Critical Points

ol Rlr pips WHI.a
5l Rls pips WHI.p
ol Alc pips CTI.a
i Ale pips CTI.p
b Alr pipe Afbar-paak.mft
b Accommcdation

Slika 28. Naplavljeni tankovi u Ostecenom stanju 5
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Tablica 24. Naplavljeni tankovi i kriti¢ne tocke za OSte¢eno stanje 5

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.682 @ Origin

Trim: Fwd 1.54/270.00, Heel: Stbd 4.21 deg.

Displ (MT) ----LCB----- TCB----- VCB
HULL 1.025 193,957.37 141.548f 0.829s 9.158
DCTANK-NO3.S Flooded 1.025 -12,244.44 172.488f 10.864s 10.644
DCTANK-NO4.S Flooded 1.025 -12,086.13 137.209f 10.863s 10.543
DWBTANK-NO3.S Flooded 1.025 -3,777.13 172.462f 16.539s 5.012
DWBTANK-NO4.S Flooded 1.025 -3,760.06 137.184f 16.510s 4.950
Total Displacement—> 1.025 162,089.61 138.915f 1.407p 9.136
Righting Arms: 0.003f 0.000s
Distances in METERS.-—-—-———————————————————————————————————— Moments in m.-MT.
Critical Points-—-----------—--——-———- LCP---—- TCP--—-- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 4.301
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 7.455
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 6.688
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 6.864
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 6.492
(6) Accommodation FLOOD 32.600f 14.000s 23.800 5.886

Distances in METERS.-—————————————————— -

Tablica 25. Hidrostatske karakteristike za OSteceno stanje 5

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 1.54/270.00, Heel: Stbd 4.21 deg., VCG = 13.384
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———--— LCF---cm trim-—---GML----- GMT
17.395 162,089.61 138.915f 9.136 106.64 124.636f 2348.75 391.24 6.145
Distances in METERS.----- Specific Gravity = 1.025.-—————-——-- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------——---——- LCP-—--- TCP-——-- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Viekoslav Grubisic Diplomski rad

V. Osteceno stanje 6

DAMAGE CONDITION 6.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT4.s, WB4.s, CT5.s, WB5.s

Wi

Profile View

Critical Points

A6 RELD-=STOR.F.....H%

3T MELO-STOR.F.....H% opl Alr pips WHZI.a

36 MECYLIO-5TOR.F. .08 opi Alr pips WHI.p

3% MELO-CIRC.C.....H% 3 Als pips CTZ.a

45 FRISN-WRTIR.S..100% 1 Als pips CTI.p

46 FEED-WRTER.S...100% opS Alr pips AfEer-paak.aft
55 DCTANE-NO4.5... FLD cpb Accommcdation

#1 DCTANK-MOS.5... FLD
73 DNBTANE-MO4.5.. FLD
75 DNBTANE-MOS.5.. FLD

Slika 31. Naplavljeni tankovi u OS$te¢enom stanju 6
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Tablica 27. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 6

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.923 @ Origin

Trim: Fwd 0.95/270.00, Heel: Stbd 3.91 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 193,439.80 140.832f 0.774s 9.128
DCTANK-NO4.S Flooded 1.025 -11,995.22 137.194f 10.850s 10.484
DCTANK-NO5.S Flooded 1.025 -11,897.51 101.914f 10.849s 10.421
DWBTANK-NO4.S Flooded 1.025 -3,745.38 137.179f 16.485s 4.895
DWBTANK-NO5.S Flooded 1.025 -3,714.94 101.965f 16.433s 4.877
Total Displacement--> 1.025 162,086.75 144.933f 1.433p 9.128
Righting Arms: 0.001a 0.000s
Distances in METERS.-—-—————————————————————————————————————— Moments in m.-MT.
Critical Points-—-----------—--——-———- LCP---—- TCP--—-- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 4.664
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 7.597
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 6.946
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 7.110
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 6.295
(6) Accommodation FLOOD 32.600f 14.000s 23.800 5.791

Distances in METERS.-—————————————————— -

Tablica 28. Hidrostatske karakteristike za OSteceno stanje 6

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 0.95/270.00, Heel: Stbd 3.91 deg., VCG = 13.383
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———-—-— LCF---cm trim-—---GML----- GMT
17.383 162,086.75 144.933f 9.128 106.75 130.127f 2399.19 399.65 6.061
Distances in METERS.----- Specific Gravity = 1.025.-——---—-———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------—--————- LCP-—---- TCP----- vCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Viekoslav Grubisic Diplomski rad

Vi. Osteéeno stanje 7

DAMAGE CONDITION 7.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT5.s, WB5.s, CT6.s, WB6.s

Outboard Profile View

S >

Profile View

Plan View

Critical Foints
.. %

.1 opl Air pips WEI.x

Pl Air pips WEI.p

=pd Aic pips CTI.x

opd Al pips CTZ.p

el Adc pips After-paak.mft
cpb Accommedation

snaagis

Slika 34. Naplavljeni tankovi u OSte¢enom stanju 7
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Viekoslav Grubisic Diplomski rad

Tablica 30. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 7

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 17.393 @ Origin

Trim: Fwd 0.13/270.00, Heel: Stbd 4.33 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 194,397.42 139.710f 0.857s 9.173
DCTANK-NO5.S Flooded 1.025 -12,084.20 101.893f 10.869s 10.542
DCTANK-NO6.S Flooded 1.025 -11,276.38 67.259f 10.388s 10.859
DWBTANK-NO5.S Flooded 1.025 -3,741.84 101.958f 16.479s 4.978
DWBTANK-NO6.S Flooded 1.025 -4,511.11 62.140f 15.576s 6.092
Total Displacement--> 1.025 162,783.89 150.554f 1.314p 9.136
Righting Arms: 0.003f 0.000s
Distances in METERS.-—-—————————————————————————————————————— Moments in m.-MT.
Critical Points-—-----------—--——-———- LCP---—- TCP--—-- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 4.720
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 7.968
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 7.151
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 7.332
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 5.735
(6) Accommodation FLOOD 32.600f 14.000s 23.800 5.316

Distances in METERS.-—————————————————— -

Tablica 31. Hidrostatske karakteristike za OSteceno stanje 7

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 0.13/270.00, Heel: Stbd 4.33 deg., VCG = 13.352
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———-—-— LCF---cm trim—-—---GML----- GMT
17.456 162,783.89 150.554f 9.136 106.82 135.725f 2268.51 376.26 6.157
Distances in METERS.----- Specific Gravity = 1.025.-——---—-———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------—--————- LCP-—---- TCP----- vCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860

Fakultet strojarstva i brodogradnje 58



Diplomski rad

i Hesl —— 2k

Viekoslav Grubisic

¥ T
1 1 1 1 1 11 1 1
1 1 1 11 1 1 11 1 14
r [ —q F-—T-—~——~—~~=7=7 T-==77 aTrTTT T T T F~ L i B R B
1 4 L 1 [ 1 1 1 1 1
1 ] [ 1 [ ] [ 1 1 ]
1 ] N q 1 [ 1 1 11 1 1
1 1 1 [ 1 1 11 1 [
1 b ool 1 [ 1 1 1 1 1
1 B N 1 [ 1 1 11 1 o
1 - Lol 1 1 1 1 11 1 g
1 — 1 1 [ [— 1 11 1 [
] i L 1 1 [ 1 1 [N ] fo e
1 1 Lo 1 [ 1 1 1 1 1]
1 [ 1 [ 1 1 11 1 I 1
1 1 Foo 1 1 1 1 11 1 i 1
1 E Foy 1 1 1 1 11 1 { 14
1 - = 0 1 [ [ - 1 1 f 1—
1 - Lo 1 [ 1 1 1 1 1
1 ] L \ 1 [ 1 1 11 1 1]
1 1 \ 1 [ 1 1 11 1 1
1 N rorw 1 [ 1 1 1 1 4 1]
1 T I I I [ I I 11 1 [ P
1 — — 1 “\u.\ 1 [ 1 — —1 1 1 .W_ +—a
1 - Lo \ 1 [ 1 1 11 1 1
1 i [ 1 4 \ 1 1 1 1 1 1 ._f,...._ 1]
1 ] L Y 1 [ 1 1 1 [ - 1]
1 1 1 [ 1 1 1 [ 1]
1 I m, I [ I I 11 [ 0
1 1 = 1 [ [ o 11 1—
] 1 E o 1 1 [ 1 1 [N ' 1
1 1 - o 1 [ 1 1 1 1
1 1 i I 1z Ll [ 1 1 11 1/ o 1]
] 1 ] [ Y 1 [ 1 1 1 1 [ 1]
1 1 1 1 [ 1 1 11 ¥ 1 a
r T -1 -—----- L I N |._.I|IIII|_|_III.._-IIIIIﬂIII_|l
Foon 1 b FoI K 1" [ 1 1 1 1 i 1
For o - oo 1 [ 1 1 [ [ 1+
oo S E oo 1 [ 1 1 11 1 ] 1
I T i L 1 [ 1 1 1 1 - 1
[ o/ 1 ] [ 1 [ [ [ 11 1 1_]
ool 10 ] [ 1 1 1 1 11 1 h 1]
[T 1 1 [ 1 1 [N 1
Fo 1o b Foo 1 [ 1 1 [N 1
3 u_ [ B oo 1 LA 1 1 1 1 1
L [ - Lo 1 11 1 1 [ 1 1
9l A __ | | I T Lo oL i — N P B [ I ala
# _. [ ] L0 ] [EN] I ] 1N 1 1]
[ 1 1 (Y] 1 1 [} 1 1
F-—bF-————t-———————— - ———————— = r—7 F——t-————————- t-————- —H-t-—-———- ----FT  F- e e e e e Bl
o 1 o 1 [ 1 1 i 1 1
o E Foo 1 [ 1 1 i 1 14
N - = 1 1 [ [ - f 1 1—
L] | | - - | | [ | | rl 1 [
oo ] L 1 [ 1 1 D 1 1]
(A 1 1 [ 1 1 11 1 1
o N Co 1 [ 1 1 1 1 1]
5 thro b Foo 1 [ 1 1 1 1 1
el Y — — 1 1 [ 1 — —1 11 1 5
; [ g | 1 1 1 1 11 1 17
oy 4 Lo 1 1 Wl 4 1 11 1 1
[ ] L 1 [ W ] 1 1 1 1]
[ N _____ | ] I L L __ a__ ] IR N I SUREREY NN B
=7 T T atT = T a7 T A
For s, 1 = 1 [ [N o 11 1
[T T T B oo 1 [ [ 1 [ 1
o e - Lo 1 1 1 4 1 1 1
[ e i L 1 [ [ 1 11 1
[ . ] L 1 [ [ 1 11 1
al_ v 1 o ] [ 1 [ [ 1 1 1
" [ o 1 1 1 1] 1 1 1
[ M b Foo 1 [ [ [ 1 1
1 | | o, B - | | 11 | 1 Iy 11 1
[ = g ] 1 [ 1 1/ 11 1
[ S i L 1 1 1 1 1 1
I T . ] [ 1 [ [ T 1 1
N i Ny I Lo d_L_ a0 F- Lo _aa L
o 1 1 [B] 1 [l 11 1
1 | | T B | | 11 | | 11 1
[ B oo 1 [ 1 1 1 1
o B Lo 1 1 1 4 1
J L1 1l 1011 1111 1111 1111 1111 1111 11 IR NN I NI AR IEEE AN NI EENIE NN NN EEEN] L1y iy 1y nie
_ l | 1 1 [T PO YT T OV TP AT i i
"] o "] o A o ] '] u A o o
i o a a i i a 0 a a a
<54 P — = #

59

Slika 35. Krivulje stabiliteta za Ostec¢eno stanje 7

Fakultet strojarstva i brodogradnje



Diplomski rad

Viekoslav Grubisic

le za Osteceno stanje 7

ijanja i smicne si

ta sav

4

Zaj najveeg momen

v

Tablica 32. Iznos i polo

40.150f

at

(Sagging)

at 107.800f

H=LM OODT=T

- I e _..lmmf_.
.,

a3 pE=T swsus (v)

- T L=T & & "t
Py i =T S Ee AT _/MU

TR LT SWET e @.

-5,580.6 MT

-250,849 MT-m

Largest Shear:

Largest Bending Moment:

WrAE w—— [ CHE -y ——
a@E arE aEE aaE ant aEt art aEt an o ap aE a
TTT T T I T I T[T T[T T [T T[T T[T T[T T[T T[T [T [T [T T[T T[T [T T[T [T [T 7T T
S T s A e e B e S SR ey EERLE e B A EEES
n) 1 1 1 1 el 1 1 1 1 1 1]
b 1 1 1 [ 1 1 1 1 1 1
T 1 1 1 T 1 1 I 1 1 1 1
b 1 1 1 e 1 1 1 1 1 1 1
n) 1 1 1 1 1 1 1 1 1 1 1]
b e T R — [ - + [P e — i —— —] ao=-
u) 1 1 1 1 1 1 1 1is) 1 1 1]
b 1 1 1 1 1 1 1 = ] 1 1
o ' ' ' ' ' ' ' A ' 1
u) 1 1 1 1 1 1 i 1 1
b 1 1 1 1 1 1 1 1 A 1 1
n) 1 1 1 1 1 1 1 1 £y 1 1]
. F e ————— T —— - [ T —— e I N e —]osT=
u) 1 1 1 1 1 1 1 [ 1 1]
o 1 1 1 1 1 1 1 1 \ 1 1
ul 1 1 1 1 1 1 1 'Ol 1 1 1
H 1 1 1 1 1 1 1 b 1 1 1 14
u) 1 1 1 1 1 1 1 ; 1 1 1]
] ' ' ' ' ' ' ' ' ' -
FH— === F=————— H—————— tm————— Fem———— H————— tm———at e e e et — oot~
] ] 1 1 1 1 1 1 1 A N 1]
H 1 1 1 1 1 1 1 1 ¢ 1 i 1
1 1 1 1 1 1 1 1 1 \ 1
L 1 1 1 1 1 1 1 _..\.. 1 | 1
u) 1 1 1 1 1 1 1 A 1 I 1
b 1 1 1 1 1 1 1 1 1 1 11
— r A T-———=- == I il Tm————= F-—=-- am---— T—————- === b i it &-dedbdt —]es=
b 1 1 1 1 1 1 1 1 A 1 1 1 1 '
m_._ i i 1 1 1 1 1 [ 1 1 [ [ n
1 1 1 1 1 1 1 1 1 1 1 [ 14
o 1 1 1 1 1 1 1 1 1 1 1 1 1 3
] 1 1 1 1 1 1 1 A 1 1 1 S L
H_ 1 ] 1 1 1 1 1 “1 1 1 1 [ I
= =g r i T-====" r-——=—=—r I T-==-""" r-—-==——----- T===-""" r-=—=-=-- I ._.Ill.l.lr_lu..m a -+
b 1 1 1 1 1 1 [ 1 1 1 1 1, e 4
w] 1 1 1 1 1 1 [ 1 1 1 r —~ ] “
n 1 1 1 1 1 1 If 1 1 pu 1 o I
o \ ' ' ' ' ' ' v ' ' ' ' ]
u] 5 1 1 1 1 1 _ —1 1 1 ,..n.,_ 1 1 1] !
H % 1 ] 1 R TR 1 1 1 1 l;rf_u [ [ a
- ---"" AT T r-—=-=--- I T-~7 " | T-==-""" r-—=——=- L .“III.I.II. e == |II1“.|._. ||||| %
b B 1 1 ——T 1 1 1 ettt = T A 1 1
u] i 1 et 1 1 1 1 I/ -t I (ﬂ.] " .....-..... 1 1
B [ [ 1 1 1 1 Iy 1 1 =~ A 1 1 -
] 1 [y | 1 1 1 1 I 1 1 J w 1 1
H 1 _._.,nyq 1 1 1 1 1 I 1 1 I h 1 1
||||| [ A (SR TP PRy By NS WP PR MRS U Sy PR R PR S
b I [y I I I i I i i I i T I e
h 1 1 = 1 1 1 1 1 i 1 o 1 ¥ 1 1]
] 1 1 ,r:.:..":.. L 1 1 1 i 1 1 1 [ 1 1]
H 1 1 1 T T L TER B 1 1 1 [ 1 1 1 -
] 1 1 1 1 1 [ 1 1 1 1 1 ' 1 1 1
H 1 1 1 1 1 [ 1 1 1 1 1 ' 1 1 1
ho__ Ao [T R Lo Lo———— R - [ A I [ [ I S R Ao [ -
o 1 1 1 I 1 [ [ 1 | [ 1 | [ e
] 1 1 1 1 1 [ 1 1 1 1 1 1 1 1]
H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T i i i 1 1 1 1 1 1 1 1 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 1 1
u) 1 1 1 1 1 1 1 1 1 1 1 1 1 1]
B m———— Fm———— HAmm——— Hmm—— Fm——— H————— tm————— Fe——— e tmm———— Fem———— e o — ooz
) 1 1 1 1 1 1 1 1 1 1 1 1 1 1]
] 1 1 1 1 1 1 1 1 1 1 1 1 1 1]
H 1 1 1 1 1 1 1 1 1 1 1 1 1 11
) 1 1 1 1 1 1 1 1 1 1 1 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 1 [
1 1 1 ' ' ' ' ' ' ' ' ' ' v
MJ.L.:+.:_..7 il P Dt I I BT IS T Ul B T S T P P i S T B e S T e ek
SHIAOOTIE Y3 EM
TENH AULE weeIfep CCF 3% HISKNEWULE "TWHIOOALT ST

Osteceno stanje 7

Zne ¢vrstoce za

2

Karakteristike uzdu

Slika 36.

60

Fakultet strojarstva i brodogradnje



Vijekoslav Grubisi¢

Diplomski rad

vil. Osteéeno stanje 8

DAMAGE CONDITION 8.:

HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT6.s , WB6.s, SLOP.s

L)
H
Fh

Catboard ofile View

\Oh

Profile View

Critical Points

opl Air pips WHI.a

opd Air pips WHI.p

opd Alc pips CTZI.a

o4 Alc pips CTI.p

opd Alc pips Aftar-pmak.sft
ot Accommcdation

38 AELC-STOR.F.....5%
AT MELC-STOR.F.....H%
A8 MECYLIO-STOR. 7. .84
39 MELO-CIRC.C.....5%
45 FRISH-WRTER.S..100%
48 FEID-NRTER.5...100%
&3 DCTANK-MOE.5... FLD
a5 DSLOF.S........
7T DERTANK-HOE.S.. FLI

Slika 37. Naplavljeni tankovi u OSte¢enom stanju 8

Fakultet strojarstva i brodogradnje

61



Viekoslav Grubisic Diplomski rad

Tablica 33. Naplavljeni tankovi i kriti¢ne tocke za OSte¢eno stanje 8

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.787 @ Origin

Trim: Fwd 0.80/270.00, Heel: Stbd 1.64 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 190,814.80 140.828f 0.328s 8.993
DCTANK-NO6.S Flooded 1.025 -10,536.71 67.317f 10.221s 10.367
DSLOP.S Flooded 1.025 -2,062.16 44.667f 8.793s 11.200
DWBTANK-NO6.S Flooded 1.025 -4,340.20 62.179f 15.289s 5.607
Total Displacement--> 1.025 173,875.72 148.386f 0.746p 8.968
Righting Arms: 0.003a 0.000s
Distances in METERS.-———=——————————————————— Moments in m.-MT.
Critical Points-—-----------—--——-———- LCP---—- TCP--—-- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 5.789
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 7.018
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 7.269
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 7.337
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 6.838
(6) Accommodation FLOOD 32.600f 14.000s 23.800 6.513

Distances in METERS.-—————————————————— -

Tablica 34. Hidrostatske karakteristike za OSteceno stanje 8

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 0.80/270.00, Heel: Stbd 1.64 deg., VCG = 13.306
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) -—---LCB----- VCB-——————- cm——-—---— LCF---cm trim----GML----- GMT
17.188 173,875.72 148.386f 8.968 113.01 134.965f 2217.20 344.29 5.795
Distances in METERS.----- Specific Gravity = 1.025.-——----———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------—--—-———- LCP-—---- TCP----- vCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Viekoslav Grubisic Diplomski rad

Tablica 36. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 9

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 21.659 @ Origin

Trim: Aft 6.26/270.00, Heel: Stbd 5.73 deg.

Displ (MT) ----LCB----- TCB---—-- VCB
HULL 1.025 209,790.61 131.046f 1.074s 9.940
DCTANK-NOG6.S Flooded 1.025 -13,573.25 67.020f 10.517s 12.365
DSLOP.S Flooded 1.025 -2,908.82 44.627f 9.510s 13.615
DWBTANK-NO6.S Flooded 1.025 -4,890.48 61.984f 16.138s 7.237
DHFO-STOR1.S Flooded 1.025 -1,956.50 33.245f 17.255s 15.836
DPUMPROOM. C Flooded 1.025 -1,834.68 38.177f 0.547s 10.524
DENGINE-ROOM.C Flooded 1.025 -10,753.87 22.888f 1.267s 14.648
Total Displacement--> 1.025 173,873.02 148.203f 0.416p 9.402
Righting Arms: 0.007a -0.000s
Distances in METERS.-———————————————————————————————————————— Moments in m.-MT.
Critical Points-—--—--------—--——-———- LCP-—--—- TCP--—-- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 5.244
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 9.538
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 8.167
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 8.406
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 1.119
(6) Accommodation FLOOD 32.600f 14.000s 23.800 1.487

Distances in METERS.-—————————————————— -

Tablica 37. Hidrostatske karakteristike za OSteceno stanje 9
HYDROSTATIC PROPERTIES with FLOODING
Trim: Aft 6.26/270.00, Heel: Stbd 5.73 deg., VCG = 13.310
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———--— LCF---cm trim-—---GML----- GMT
18.234 173,873.02 148.203f 9.402 103.20 146.973f 1730.95 268.79 5.986
Distances in METERS.----- Specific Gravity = 1.025.-—————-——-- Moment in m.-MT.
Trim is per 270.00m.
Draft is from Baseline. True Free Surface included.
Critical Points-—--------------——-——- LCP-—-—- TCP-———~ VCP
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900

(6) Accommodation FLOOD 32.600f 14.000s 23.800
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Viekoslav Grubisic Diplomski rad

IX. Ostecéeno stanje 10

DAMAGE CONDITION 10.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: FORE PEAK, CTl.s, WBl.s

Profile View

Flan View

Critical Points
A5 MFO-STORL.S. ... 8%

A6 AELO-STOR.F.....H% gl Alr pips WNZ.a

o2 Alr pips WNI.p

=53 Air pips CTI.a

=i Rir pips CTI.p

- ladk opS Air pips After-pask.sft

46 FEED-NATEE.S...100% cpt Accommodation

53 DCTANK-MOL.S... FLD

4T DWBTANK-HOL.5.. FLD

7% DFORE-FERK.C... FLD

Slika 43. Naplavljeni tankovi u O$tecenom stanju 10
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Viekoslav Grubisic Diplomski rad

Tablica 39. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 10

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 15.865 @ Origin

Trim: Fwd 3.29/270.00, Heel: Stbd 1.72 deg.

Displ (MT)----LCB-—---- TCB-—-—--- VCB
HULL 1.025 194,102.94 143.770f 0.337s 9.158
DCTANK-NOL.S Flooded 1.025 -8,602.86 240.352f 7.878s 11.222
DWBTANK-NO1.S Flooded 1.025 -3,099.52 242.195f 12.480s 6.409
DFORE-PEAK.C Flooded 1.025 -2,115.39 266.007f 0.000 8.303
Total Displacement--> 1.025 180,285.17 136.035f 0.228p 9.117
Righting Arms: 0.002f 0.000s
Distances in METERS.-———=——————————————————— Moments in m.-MT.
Critical Points-—-----------—--——-———- LCP---—- TCP--—-- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 4.613
(2) Alr pipe WB2.p FLOOD 224.370f 21.500p 23.860 5.907
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 6.123
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 6.195
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 7.788
(6) Accommodation FLOOD 32.600f 14.000s 23.800 7.113

Distances in METERS.-—————————————————— -

Tablica 40. Hidrostatske karakteristike za Osteceno stanje 10

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 3.29/270.00, Heel: Stbd 1.72 deg., VCG = 13.325
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) -—---LCB----- VCB-——————- cm——-—---— LCF---cm trim----GML----- GMT
17.368 180,285.17 136.035f 9.117 116.73 123.416f 2066.82 309.53 6.212
Distances in METERS.----- Specific Gravity = 1.025.-——----———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------—---———- LCP-—---- TCP----- vCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Diplomski rad

X. Ostecéeno stanje 11

DAMAGE CONDITION 11.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: FORE PEAK, CT1l, WB1

Outboard Profile View

=i

ri

pe

Profile View

Plan View

A6 AELO-STOR.F.....H% T8 DFORE-FEAK.C... FaD
3T MELOD-STOR.F.....H%

36 MECYRIO-5TOR., 7. . 4% Critical Points
1% MELO-CTRC.C.....H% TPl Alc pips WBI.a

1edw pd Aic pips WNI.p
1eow opd Aic pips CTI.a

33 DCTANE-BOL.S... FLD opd Aic pips CTI.p
o opé Air pips Aftec-peak.sft
o cpt Accommodation
o

Slika 46. Naplavljeni tankovi u O$te¢enom stanju 11

Fakultet strojarstva i brodogradnje

73



Viekoslav Grubisic Diplomski rad

Tablica 42. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 11

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 15.464 @ Origin

Trim: Fwd 4.59/270.00, Heel: Stbd 0.27 deg.

Displ (MT)----LCB----— TCB-—-—--- VCB
HULL 1.025 196,846.89 145.187f 0.052s 9.294
DCTANK-NOL.S Flooded 1.025 -8,907.52 240.412f 7.843s 11.499
DCTANK-NOL.P Flooded 1.025 -8,864.04 240.421f 7.825p 11.460
DWBTANK-NO1.S Flooded 1.025 -3,133.83 242.261f 12.508s 6.553
DWBTANK-NO1.P Flooded 1.025 -3,118.59 242.261f 12.484p 6.490
DFORE-PEAK.C Flooded 1.025 -2,115.39 266.007f 0.000 8.303
Total Displacement—> 1.025 170,707.52 130.220f 0.055s 9.180
Righting Arms: 0.002f 0.000s
Distances in METERS.-—-—————————————————————————————————————— Moments in m.-MT.
Critical Points-—--—--------—--—————— LCP-—-—- TCP----- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 4.483
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 4.686
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 5.478
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 5.490
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 8.469
(6) Accommodation FLOOD 32.600f 14.000s 23.800 7.715

Distances in METERS.-—--——————————————————————— - ——————

Tablica 43. Hidrostatske karakteristike za Osteceno stanje 11

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 4.59/270.00, Heel: Stbd 0.27 deg., VCG = 13.320
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———--— LCF---cm trim-—---GML----- GMT
17.453 170,707.52 130.220f 9.180 109.89 117.109f 1706.06 269.84 6.389
Distances in METERS.----- Specific Gravity = 1.025.-——=——-——-- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point------------—--—--———- LCP-—-—- TCP----- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Viekoslav Grubisic Diplomski rad

Xi. Osteéeno stanje 12

DAMAGE CONDITION 12.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT1, WB1, CT2, WB2

Cutboard Profile View

Profile View

Plan View

Critical Peoints
45 FRESH-WATER.S..100%
46 FEED-WRTER.S...100% opl Air pips WHI.a
33 DCTANK-BOL.5... FID opd Air pips WHI.p
54 DCTANE-MOL.F... FLD ol Alc pips CTI.a
535 DOTANE-MOZ.S... FLD i Als pips CTI.p
36 DCTANK-BOZ.F... FLD opé Air pips Aftmc-pmak.sft
4T DNRTANK-MOL.S5.. FLD cpt Accommedation
46 TNRTANK-MOL.F.. FLD
49 DNRTANK-MOZ.S5.. FLD
70 DERTANE-MOZ.¥.. FLD

Slika 49. Naplavljeni tankovi u Oste¢enom stanju 12
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Tablica 45. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 12

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 15.259 @ Origin

Trim: Fwd 5.86/270.00, Heel: Stbd 0.33 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 201,922.39 146.356f 0.061s 9.540
DCTANK-NOL.S Flooded 1.025 -9,432.01 240.442f 7.862s 11.976
DCTANK-NOL.P Flooded 1.025 -9,379.42 240.453f 7.841p 11.928
DCTANK-NO2.S Flooded 1.025 -13,194.31 207.734f 10.620s 11.332
DCTANK-NO2.P Flooded 1.025 -13,097.95 207.735f 10.592p 11.269
DWBTANK-NO1.S Flooded 1.025 -3,232.27 242.342f 12.625s 6.969
DWBTANK-NO1.P Flooded 1.025 -3,212.47 242.342f 12.596p 6.885
DWBTANK-NO2.S Flooded 1.025 -3,600.41 207.287f 16.140s 5.132
DWBTANK-NO2.P Flooded 1.025 -3,580.04 207.287f 16.102p 5.049
Total Displacement--> 1.025 143,193.52 115.349f 0.067s 9.240
Righting Arms: 0.000 0.000s
Distances in METERS.-———=—=———————————————— Moments in m.-MT.
Critical Points—-—-——------"-""-----——-——- LCP----- TCP----—- VCP-———- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 3.606
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 3.851
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 4.622
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 4.635
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 8.685
(6) Accommodation FLOOD 32.600f 14.000s 23.800 7.751

Distances in METERS.-—--——————————————————————— - ——————

Tablica 46. Hidrostatske karakteristike za OStec¢eno stanje 12

HYDROSTATIC PROPERTIES with FLOODING

Trim: Fwd 5.86/270.00, Heel: Stbd 0.33 deg., VCG = 13.376

LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——-——--— cm-——--— LCF---cm trim----GML----- GMT
17.453 143,193.52 115.349f 9.240 92.73 101.030f 1106.01 208.54 6.438
Distances in METERS.----- Specific Gravity = 1.025.-—————-——-- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point-------------------——— LCP----- TCP-———~ VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Viekoslav Grubisic Diplomski rad

Xii. Osteéeno stanje 13

DAMAGE CONDITION 13.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT2, WB2, CT3, WB3

Outboard Profile View

i

Profile View

Tanks Critical Points
29 DO=SER.F-uuonn. 45 FRISH-WRTIR.S..100%

1 CTANK-MIL.S..... 11 10 DO=STOR.P....... 46 FEID-WRTER.S5...100% 1 Rlr pips WRI.a

2 CTANE-MOL.F..... 11 31 NFO=SETT-Poo-... 45 DCTANE-NOI.5... FLD 52 Rlr pips WRI.p

T CTRNK-MO4.5..... L1 32 WFO=SER1-F...... 36 DCTANE=NOZ.F... FLD o) Air pips CTI.a

B CTRNE-BO4.F..... 111 33 WFO=SERZ-F..-... 57 DCTANE=NO1.5... FLD i Ric pips CTI.p

5 CTANK-MOS.5..... 11 34 WFO-STOR1.P. 5§ DCTANE-NO1.F... FLD st Alr pips AfEmc-paak.aft

10 CTANK-MOS.F..... 11 18 NFO-STOR1.S. ... 49 DWETANK-MO2.5.. FLD spt Recommedation

11 CTANK=MOE.S..... L1 34 RELO-STOR.F..... 70 DWETANK-MOZ.F.. FLD

1% CTANK-MOE.F..... 111 37 MELO-STOR.F..... 71 DWBTANK-MO3.5.. FLD

15 STOF.Semoornnnan 111 38 MECTISO=STOR-F. . 7% DNBETANK-MO3.F.. FLD

14 STOF.Peeomrnnnas 11 19 MELO-CIRC.C.....0HR

Slika 52. Naplavljeni tankovi u OSte¢enom stanju 13
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Tablica 48. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 13

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.282 @ Origin

Trim: Fwd 2.98/270.00, Heel: Stbd 0.36 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 197,384.20 143.149f 0.070s 9.289
DCTANK-NO2.S Flooded 1.025 -12,267.54 207.672f 10.607s 10.733
DCTANK-NO2.P Flooded 1.025 -12,160.11 207.673f 10.573p 10.664
DCTANK-NO3.S Flooded 1.025 -12,072.87 172.524f 10.690s 10.528
DCTANK-NO3.P Flooded 1.025 -11,963.95 172.525f 10.655p 10.458
DWBTANK-NO2.S Flooded 1.025 -3,508.63 207.262f 15.968s 4.761
DWBTANK-NO2.P Flooded 1.025 -3,486.25 207.263f 15.924p 4.672
DWBTANK-NO3.S Flooded 1.025 -3,692.48 172.475f 16.392s 4.695
DWBTANK-NO3.P Flooded 1.025 -3,668.41 172.475f 16.349p 4.607
Total Displacement--> 1.025 134,563.98 121.252f 0.072s 9.309
Righting Arms: 0.000 0.000s
Distances in METERS.-———=—=———————————————— Moments in m.-MT.
Critical Points—-—-—------"""-----——-——- LCP----- TCP----—- VCP-———- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 4.968
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 5.242
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 5.997
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 6.013
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 7.607
(6) Accommodation FLOOD 32.600f 14.000s 23.800 7.069

Distances in METERS.-—--——————————————————————— - ——————

Tablica 49. Hidrostatske karakteristike za OSteceno stanje 13
HYDROSTATIC PROPERTIES with FLOODING

Trim: Fwd 2.98/270.00, Heel: Stbd 0.36 deg., VCG = 13.452

LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——-——--— cm-——--— LCF---cm trim----GML----- GMT
17.448 134,563.98 121.252f 9.309 89.22 105.826f 1721.89 345.49 6.030
Distances in METERS.----- Specific Gravity = 1.025.-—————-——-- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point-------------------——— LCP----- TCP-———~ VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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Diplomski rad

(Sagging)

le za Osteceno stanje 13

at 225.870f
at 172.600f

ow

ijanja i smicne si

ta sav

-247,184 MT-m

4,464 .4 MT

Zaj najveceg momen

Largest Bending Moment:

Tablica 50. Iznos i polo
Largest Shear:
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w1 pE=T swsus (v
TEl=LE DDD TeT TEsE B R ﬂww TR LR L =T ASEWRASTVE Hmu
*,

Pl c—— [ CH) WSTaEReT ——> 5FW

Oy a OEE aox oaT O3 T OFT OTET oo oo =k

L]

a

TRLALE LT AT M _MMnU_

-
a
L]

-,

- 1
ffL

MLhPELLﬁPPEL

:LkPF_thrCh_PFELhW WWWWW.LFWFCL+P ELhPﬂCLFPFJLuPFCLAPFELhP

1
1
[}
[}
1
1
4

N

N

[
B e e e |

S —————

i
i
b

e e ety Lt ookt ettty Kol Rl

1
1
[}
[}
1
T
4
[}
1
1
1
1
1

B T P P s
1
|
e

Ry

B e e e e R

——d el

.\i

T S e

\-\.

B T B e s TP P
.

P
i

1
i
A
S
_717
g
£
T

!

r

[
-

j.LLIJ..I. oL I.lJ. oI .l.LIJ.I.IJ. pampRE| J.'.I JITTET J.LIJ. I J.I|.1.J. [y J.I.lJ. IO Ll.l IO T Ll.l ITTIET LLIJ. oI

A
: ______|____1'_|___";__1_______|___'___|___'I"

[ PSSV [

i

N

1
1
1
1
1
.

J N,

1
13
]
H
1]
14

s Y

JEPEE e

-

SHIOODOTIHE YWIFM

TEEH JULE weesIbeR 9C°0 3% HISNEHELE "IwWKIGALTSeoT

84

]
13
[
=
1]
]

R

OO OSOO AOOE

B N

Lo
Ofsteceno stanje 13

TV
toce za

Zne ¢vrs

Smiaral Hoale
v

Slika 54. Karakteristike uzdu

Fakultet strojarstva i brodogradnje



Viekoslav Grubisic Diplomski rad

xiii. OSteceno stanje 14

DAMAGE CONDITION 14.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT3, WB3, CT4, WB4

Cutboard Profile View
apn oyl
f s

Profile View

€ Ll
LA ar
Critical Points
45 FRESI-WATEE.S..100%
46 FEED=WRTER.S...100% ol Alr pips WHZ.a
5T DCTANE-NO3.S... FLD 52 Alc pips WRI.p
38 DCTANE-NO3.F... FLD cpd Alc pips CTI.a
38 DCTANE-NOM.S... FLD &4 Alc pips CTI.p
&0 DCTANK-M.F... FID ot Alr pipe Aftmr-paak.sft
71 DWBTANK-MO1.5.. FLD oot Accomscdmtian
7 DNBTANK-B0D.F.. FLD
73 DNBTANK-B.5.. FLD
74 DNBTANK-BM.F.. FLD

Slika 55. Naplavljeni tankovi u O$tecenom stanju 14
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Viekoslav Grubisic Diplomski rad

Tablica 51. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 14

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.741 @ Origin

Trim: Fwd 1.70/270.00, Heel: Stbd 0.37 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 195,511.25 141.672f 0.072s 9.195
DCTANK-NO3.S Flooded 1.025 -11,793.06 172.493f 10.686s 10.349
DCTANK-NO3.P Flooded 1.025 -11,683.47 172.494f 10.649p 10.278
DCTANK-NO4.S Flooded 1.025 -11,619.05 137.214f 10.682s 10.237
DCTANK-NO4.P Flooded 1.025 -11,509.47 137.215f 10.646p 10.167
DWBTANK-NO3.S Flooded 1.025 -3,663.15 172.464f 16.339s 4.588
DWBTANK-NO3.P Flooded 1.025 -3,638.93 172.464f 16.295p 4.499
DWBTANK-NO4.S Flooded 1.025 -3,644.43 137.185f 16.305s 4.521
DWBTANK-NO4.P Flooded 1.025 -3,620.21 137.186f 16.261p 4.434
Total Displacement> 1.025 134,339.47 135.622f 0.072s 9.334
Righting Arms: 0.002f 0.000s
Distances in METERS.-———=—=———————————————— Moments in m.-MT
Critical Points-—-—------"""-----——-——- LCP----- TCP----—- VCP-———- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 5.570
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 5.846
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 6.600
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 6.616
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 7.125
(6) Accommodation FLOOD 32.600f 14.000s 23.800 6.764

Distances in METERS.---—-—————————————-—————————— - ——————

Tablica 52. Hidrostatske karakteristike za OsSteceno stanje 14

HYDROSTATIC PROPERTIES with FLOODING

Trim: Fwd 1.70/270.00, Heel: Stbd 0.37 deg., VCG = 13.456

LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——-——--— cm-——--- LCF---cm trim----GML----- GMT
17.486 134,339.47 135.622f 9.334 89.20 118.549f 2259.83 454.19 6.030
Distances in METERS.----- Specific Gravity = 1.025.-——---—-———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------—--———- LCP-—-—-- TCP-—---- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860

Fakultet strojarstva i brodogradnje 86
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Slika 56. Krivulje stabiliteta za OSteceno stanje 14
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Viekoslav Grubisic Diplomski rad

Xiv. Osteceno stanje 15

DAMAGE CONDITION 15.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT4, wWB4, CT5, WB5

Cutboard Profile View

E “ = \
2\ J
Profile View

Plan View

a
"
Critical Foints
45 FRESH-WRTER.S..100%
48 FIED-KRTER.S5...100% cpl Adc pips WRZI.a
59 DCTANK-NO4.5... FLD 52 Alc pips WRI.p
40 DCTANK-NO4.F... FLD cpd Adc pips CTZI.a
41 DCTANK-NOS.5... FLD o Alc pips CTI.p
42 DCTANK-NOS.F... FLD e Alc pips Aftmr-paak.sft
73 DNBTANK-MO4.5.. FLD cpt Accommcdation
T4 DERTANK-MO4.F.. TLD
75 DERTANK-MOE.S5.. FLD
TE DERTANK-MOE.F.. FLD

Slika 58. Naplavljeni tankovi u O$tecenom stanju 15
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Viekoslav Grubisic Diplomski rad

Tablica 54. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 15

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 17.040 @ Origin

Trim: Fwd 0.90/270.00, Heel: Stbd 0.37 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 194,518.48 140.725f 0.072s 9.148
DCTANK-NO4.S Flooded 1.025 -11,536.04 137.194f 10.681s 10.184
DCTANK-NO4.P Flooded 1.025 -11,426.97 137.194f 10.644p 10.114
DCTANK-NO5.S Flooded 1.025 -11,443.68 101.914f 10.679s 10.125
DCTANK-NO5.P Flooded 1.025 -11,334.61 101.914f 10.642p 10.055
DWBTANK-NO4.S Flooded 1.025 -3,635.69 137.178f 16.289s 4.490
DWBTANK-NO4.P Flooded 1.025 -3,611.58 137.179f 16.245p 4.403
DWBTANK-NO5.S Flooded 1.025 -3,605.81 101.967f 16.235s 4.474
DWBTANK-NO5.P Flooded 1.025 -3,581.70 101.968f 16.189p 4.387
Total Displacement> 1.025 134,342.42 150.174f 0.072s 9.323
Righting Arms: 0.000 0.000s
Distances in METERS.-———=—=———————————————— Moments in m.-MT.
Critical Points-—-—------"""-----——-——- LCP----- TCP----—- VCP-———- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 5.934
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 6.208
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 6.963
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 6.979
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 6.812
(6) Accommodation FLOOD 32.600f 14.000s 23.800 6.562

Distances in METERS.-—--——————————————————————— - ——————

Tablica 55. Hidrostatske karakteristike za OsSteceno stanje 15

HYDROSTATIC PROPERTIES with FLOODING

Trim: Fwd 0.90/270.00, Heel: Stbd 0.37 deg., VCG = 13.456

LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——-——--— cm-——--- LCF---cm trim----GML----- GMT
17.480 134,342.42 150.174f 9.323 89.35 131.880f 2375.22 477.37 6.053
Distances in METERS.----- Specific Gravity = 1.025.-——----———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point---------------—--———- LCP-—-—-- TCP-—---- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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icne sile za Osteceno stanje 15
at 40.150f
at 124.000f (Sagging)

ijanja i smicne si

ta savijanj

-313,486 MT-m

-4,972.1 MT

Zaj najveceg momen

Largest Bending Moment:

Tablica 56. Iznos i polo
Largest Shear:
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Viekoslav Grubisic Diplomski rad

XV. Ostecéeno stanje 16

DAMAGE CONDITION 16.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: CT5, WB5, CT6, WB6

Outhboard Profile View
=t -yl ]

v
\_

Profile View

Plan View

Tanks . Critical Foints
1 CTANE-MOD - 1054 £l Als pips WHi.a
I CTANE-MOD . FLI il Als pips WHI.p
3 CTANE-BOZ . LD opd Alr pips CTI.a
4 CTANE-NOZ LD opd Alr pips CTI.p
5 CTANE-NO3 . T opt Air pips Aftmc-pmak.sft
& CTANE-NO3 . LD cpb Accommodation
T CTANE-HO4 . LD
B CTANE-HO4 . LD
13 SI0F.5.ooouenn.- L] . LD
14 STOF.Peceonnnn.- L1

Slika 61. Naplavljeni tankovi u O$tecenom stanju 16
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Viekoslav Grubisic Diplomski rad

Tablica 57. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 16

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 17.853 @ Origin

Trim: Aft 0.44/270.00, Heel: Stbd 0.37 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 196,712.20 138.886f 0.072s 9.240
DCTANK-NO5.S Flooded 1.025 -11,684.68 101.879f 10.684s 10.279
DCTANK-NO5.P Flooded 1.025 -11,575.33 101.879f 10.647p 10.209
DCTANK-NO6.S Flooded 1.025 -10,940.87 67.258f 10.182s 10.631
DCTANK-NOG6.P Flooded 1.025 -10,832.97 67.263f 10.139p 10.560
DWBTANK-NO5.S Flooded 1.025 -3,631.12 101.955f 16.281ls 4.566
DWBTANK-NO5.P Flooded 1.025 -3,606.95 101.956f 16.237p 4.478
DWBTANK-NO6.S Flooded 1.025 -4,371.07 62.154f 15.342s 5.693
DWBTANK-NO6.P Flooded 1.025 -4,338.52 62.159f 15.286p 5.603
Total Displacement> 1.025 135,730.67 163.611f 0.071s 9.333
Righting Arms: 0.002f 0.000s
Distances in METERS.-———=———————————————————— Moments in m.-MT.
Critical Points-—-—------"""-----——-——- LCP----- TCP----—- VCP-———- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 6.234
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 6.509
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 7.264
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 7.280
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 5.975
(6) Accommodation FLOOD 32.600f 14.000s 23.800 5.910

Distances in METERS.-—--——————————————————————— - ——————

Tablica 58. Hidrostatske karakteristike za Osteéeno stanje 16

HYDROSTATIC PROPERTIES with FLOODING

Trim: Aft 0.44/270.00, Heel: Stbd 0.37 deg., VCG = 13.379

LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——-——--— cm-——--- LCF---cm trim----GML----- GMT
17.616 135,730.67 163.611f 9.333 89.31 145.348f 2055.71 408.93 5.956
Distances in METERS.----- Specific Gravity = 1.025.-——----———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Points-—--—--——=-—==——=-———-——- LCP----- TCP----- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
(6) Accommodation FLOOD 32.600f 14.000s 23.800
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Vijekoslav Grubisi¢

le za Osteceno stanje 16

ijanja i smicne si

ta sav

4

Zaj najveceg momen

2

Tablica 59. Iznos i polo

40.150f

at

(Sagging)

at 102.760f

-6,309.7 MT

-265,743 MT-m

Largest Shear:

Largest Bending Moment:
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Vijekoslav Grubisi¢

Diplomski rad

XVi.

DAMAGE CONDITION 17.

Osteceno stanje 17

FLOODED: CT6,

WB6,

: HOMOGENOUS LOADED, T=17.1 m,100% STORES

SLOP

]

Profile View

m

Flan Tiew

g hREIL

Critical Points

el Als pips WNi.a
ol Alc pips WHI.p
opd Alr pips CTI.a
i Als pips CTI.p

b Als pipe Aftmc-paak.sft

b Accomcdatian

Slika 64. Naplavljeni tankovi u O$tecenom stanju 17
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Viekoslav Grubisic Diplomski rad

Tablica 60. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 17

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.855 @ Origin

Trim: Fwd 0.72/270.00, Heel: Stbd 0.33 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 191,133.69 140.702f 0.066s 9.002
DCTANK-NO6.S Flooded 1.025 -10,379.97 67.323f 10.145s 10.262
DCTANK-NO6.P Flooded 1.025 -10,283.12 67.328f 10.105p 10.199
DSLOP.S Flooded 1.025 -2,026.12 44.669f 8.680s 11.093
DSLOP.P Flooded 1.025 -2,002.94 44.670f 8.6l6p 11.025
DWBTANK-NO6.S Flooded 1.025 -4,287.58 62.186f 15.197s 5.463
DWBTANK-NO6.P Flooded 1.025 -4,258.55 62.190f 15.145p 5.384
Total Displacement—> 1.025 157,895.39 157.005f 0.064s 8.982
Righting Arms: 0.001f 0.000s
Distances in METERS.-—=—=—=———————————————— Moments in m.-MT.
Critical Points-—--—--=-----—--—————— LCP-—-—- TCP----- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 6.286
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 6.533
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 7.303
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 7.317
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 7.001
(6) Accommodation FLOOD 32.600f 14.000s 23.800 6.778

Distances in METERS.----—————————————-—————————— - ——————

Tablica 61. Hidrostatske karakteristike za Osteceno stanje 17
HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 0.72/270.00, Heel: Stbd 0.33 deg., VCG = 13.278
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——-——--— cm-——--— LCF---cm trim----GML----- GMT
17.233 157,895.39 157.005f 8.982 102.25 142.537f 1985.78 339.57 5.719
Distances in METERS.----- Specific Gravity = 1.025.-—————-——-- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included
Critical Point------------—--—--———- LCP-—-—- TCP----- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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i¢ne sile za OSteceno stanje 17
at 40.150f
at 119.530f (Sagging)

ijanja i smicne si

ta savijanj

4

-4,606.2 MT
-209,036 MT-m

Zaj najveceg momen

2

Largest Bending Moment:

Tablica 62. 1znos i polo
Largest Shear:
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Viekoslav Grubisic Diplomski rad
XVii. Osteceno stanje 18
DAMAGE CONDITION 18.: HOMOGENOUS LOADED, T=17.1 m,100% STORES
FLOODED: SLOP, PUMP ROOM
Cutboard Profile View
s -
| \

\

Profile View

Plan View
o
1] 1
Tanks _— Critical Peoints
1 CTRANE=NOL.5 EEE ol Alc pips WAZ.a
7 CTANK-NOL.F LM o2 Rlc pips WRI.p
3 CTANK-NOZ .5 " cpd Als pips CTI.a
4 CTRANK-NOZ .7 .. lek opd Rlc pips CTZ.p
5 CTANK-NO3.5 lodw oS Air pips After-pmak.sft
B CTANK-NOI.F - TLD =k Accommcdation
T CTANE-HCH .5 T2
E CTANE-HO4 .7 T2
9 CTANE-MOS.3

Slika 67. Naplavljeni tankovi u OSte¢enom stanju 18
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Viekoslav Grubisic Diplomski rad

Tablica 63. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 18

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 16.572 @ Origin

Trim: Fwd 1.07/270.00, Heel: Stbd 0.28 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 189,699.61 141.249f 0.056s 8.942
DSLOP.S Flooded 1.025 -1,981.62 44.672f 8.632s 10.962
DSLOP.P Flooded 1.025 -1,962.09 44.673f 8.577p 10.904
DPUMPROOM. C Flooded 1.025 -1,500.89 37.977f 0.03ls 8.663
Total Displacement> 1.025 184,255.00 144.158f 0.056s 8.902
Righting Arms: 0.001 0.000s
Distances in METERS.-———-———————————————————————————————————— Moments in m.-MT.
Critical Points-—-----------—--——--——- LCP---—- TCP--—-- VCP-—---- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 6.297
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 6.505
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 7.295
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 7.307
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 7.299
(6) Accommodation FLOOD 32.600f 14.000s 23.800 7.032

Distances in METERS.-—————————————————— -

Tablica 64. Hidrostatske karakteristike za Osteceno stanje 18

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 1.07/270.00, Heel: Stbd 0.28 deg., VCG = 13.294
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——————— cm———---— LCF---cm trim----GML----- GMT
17.094 184,255.00 144.158f 8.902 118.99 132.078f 2273.02 333.08 5.840
Distances in METERS.----- Specific Gravity = 1.025.-——----———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point------------—---—--————- LCP-—---- TCP----- vCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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xviil. Osteceno stanje 19

DAMAGE CONDITION 19.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: PUMP ROOM, ENGINE ROOM

Outboard Profile View

Profile View

H
k
v

Critical Foints

el Adc pips WNi.a

o2 Adc pips WEI.p

51 Als pips CTI.a

54 Als pips CTILR

et Air pips AfEec-paak.sft
opt Accommccation

i

Slika 70. Naplavljeni tankovi u O$tecenom stanju 19

Fakultet strojarstva i brodogradnje 105



Viekoslav Grubisic Diplomski rad

Tablica 66. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 19

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 19.520 @ Origin

Trim: Aft 3.34/270.00, Heel: Stbd 0.27 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 200,405.45 135.021f 0.053s 9.423
DPUMPROOM. C Flooded 1.025 -1,692.30 38.101f 0.028s 9.706
DENGINE-ROOM.C Flooded 1.025 -8,873.11 23.447f 0.070s 13.388
Total Displacement> 1.025 189,840.05 141.100f 0.052s 9.236
Righting Arms: 0.001f 0.000s
Distances in METERS.-———=———————————————————— Moments in m.-MT.
Critical Points-—---------"----——--——- LCP---—- TCP--—-- VCP-—---- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 7.012
(2) Alr pipe WB2.p FLOOD 224.370f 21.500p 23.860 7.216
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 8.009
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 8.020
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 4.272
(6) Accommodation FLOOD 32.600f 14.000s 23.800 4.6016

Distances in METERS.-—————————————————— -

Tablica 67. Hidrostatske karakteristike za Osteceno stanje 19

HYDROSTATIC PROPERTIES with FLOODING
Trim: Aft 3.34/270.00, Heel: Stbd 0.27 deg., VCG = 13.328
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-—————- cm——-—---— LCF---cm trim----GML----- GMT
17.822 189,840.05 141.100f 9.236 114.78 137.283f 2024.14 287.88 5.721
Distances in METERS.----- Specific Gravity = 1.025.-——---—-———- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Points-----------—---—--———- LCP-—---- TCP----- vCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860

(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900

(6) Accommodation FLOOD 32.600f 14.000s 23.800
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XiX. OSteéeno stanje 20

DAMAGE CONDITION 20.: HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: WB1,2,3,4,5.s, FORE-PEAK

Cutboard Profile View
pd
F:'_'—-—— - L

Profile View

Plan View

Tank=
A6 AILO-STOR.F. . ...04% T8 DFORE-FEAK.C... Fil

1 CTANK-MOL.5 T

T CTANK-MOL.F T E‘i}&icll Points
3 CTANK-MOZ.5 19 MELO-CIRC.C.....04% tpl ALE pipm WNZ.a

4 CTANK-MOZ .7 45 FRESH-WRTIR.S.. 1000 2 Alr pips WNI.p

5 CTANK-MO1.5 46 FIED-MRTER.S...100% ) Alr pipe CTZ.a

£ CTANK-NO1.F .S.. FID o4 Alr pipe CTI.p

T CTANK-MOH .5 .. FLD 4 Alr pips After-paak.aft
B CTANK-MOH .7 71 DNBTANK-MO3.5.. FLD cpt Accommcdation

¥ CTANK-MOS.5 " . 73 DNBTANK-MO4.5.. TID
10 CTRANK-MOS. ... .. LT I T 75 DNBTANK-MOS.5.. FLD

Slika 73. Naplavljeni tankovi u OSte¢enom stanju 20
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Tablica 69. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 20
WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS
Baseline draft: 15.941 @ Origin

Trim: Fwd 6.07/270.00, Heel: Stbd 12.99 deg.

Displ (MT)----LCB----- TCB-—-—--- VCB
HULL 1.025 211,587.44 145.222f 2.219s 10.182
DWBTANK-NO1.S Flooded 1.025 -3,557.39 242.581f 12.987s 8.350
DWBTANK-NO2.S Flooded 1.025 -3,853.95 207.257f 16.576s 6.208
DWBTANK-NO3.S Flooded 1.025 -4,082.08 172.449f 17.017s 6.222
DWBTANK-NO4.S Flooded 1.025 -4,081.62 137.171f 17.016s 6.223
DWBTANK-NO5.S Flooded 1.025 -4,061.20 101.953f 16.987s 6.248
DFORE-PEAK.C Flooded 1.025 -2,115.39 266.007f 0.000 8.303
Total Displacement—> 1.025 189,835.84 141.305f 0.798s 10.573
Righting Arms: 0.003a 0.000s
Distances in METERS.-—=—=—=———————————————— Moments in m.-MT.
Critical Points-—--—--------—--—————— LCP-—-—- TCP----- VCP-—--- Height
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860 -2.160
(2) Air pipe WB2.p FLOOD 224.370f 21.500p 23.860 7.506
(3) Air pipe CT2.s FLOOD 224.370f 1.200s 24.760 3.280
(4) Air pipe CT2.p FLOOD 224.370f 1.200p 24.760 3.820
(5) Air pipe After-peak.aft FLOOD 4.800a 10.000s 23.900 5.613
(6) Accommodation FLOOD 32.600f 14.000s 23.800 3.776

Distances in METERS.----——————————————————————— - ——————

Tablica 70. Hidrostatske karakteristike za Osteéeno stanje 20
HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 6.07/270.00, Heel: Stbd 12.99 deg., VCG = 13.338
LCF Displacement Buoyancy-Ctr. Weight/ Moment /
Draft----Weight (MT) ----LCB----- VCB-——-——--— cm-——--— LCF---cm trim----GML----- GMT
18.794 189,835.84 141.305f 10.573 112.12 123.667f 2183.88 310.61 6.169
Distances in METERS.----- Specific Gravity = 1.025.-—————-——-- Moment in m.-MT.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.
Critical Point------------—--—--———- LCP-—-—- TCP----- VCP
(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860
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icne sile za Osteceno stanje 20
at 40.150f
at 119.030f (Sagging)

ijanja i smicne si

ta savijanj

4

-4,320.1 MT
-255,822 MT-m

Zaj najveceg momen

Largest Bending Moment:

Tablica 71. Iznos i polo
Largest Shear:

Viekoslav Grubisic

I DE=T =wesyg mu

TRl =L DDD TeT TUseE BET RS _..lw./_. TR LR L e=T SAsSwEwSASTIE \_rﬂu RIS LB =T E R @.
*,
Frhd o — [ D e e T ——> W
a8E oOrE OEE oo a8t o3 T orT OET ooT o8 o aw oF L=}
&..:......:.....:_. :__:._:___:__:___;_.:__;_._:__th__:___:_.:

] osz=

4
1 1

1 1

1 1

1 1

1 1]

.“. |||||| L]ooe=
H ]

1

1

1

1

1

IIIIIIIIIIIIIIIIIIIIIII L]aatT=

—————b e

|||||| —Joot=

———de L1

P U

g

s L ittt T EEEP R

___1,4::____

|

| i e e

Gmneral Hoale

S

s
R,
[

i
1"
1
1
1
1
1
T
i
1
1
1
1
F
1
1
1
'

1

R S T R RPN SRR,

I
1
1
I
1
1

-
1
1
1
1
1
1
——bb -

T84

4

aaE

J.L|.I I I.|J. T |.|J.L|.| [AEpREpRE) 1.|.|J. OITI |.|J. O J.1_.I I Ll.lJ. OIPI I.l.I. TITHIT |.|J. T I.|J.L|.I LT Ll.l

A F U FRA SNy SN Sy SR N SU R S S

__I__'____|____'I'_'I___"'|'_T'_____r___._"

N R NP PRI Py I
A S FE N [ [P

:_I__'____|______'I
I I

% E

SHIQOoODId YI3TFM

TEHEH JULE weesIfepD £E8°ET 3% HISMETELE "TWMHIOOLISeEor

112

Ofsteceno stanje 20

Zne ¢vrstoce za

v

Slika 75. Karakteristike uzdu

Fakultet strojarstva i brodogradnje



Vijekoslav Grubisi¢

Diplomski rad

XX. OSteéeno stanje 21

DAMAGE CONDITION 21.:

HOMOGENOUS LOADED, T=17.1 m,100% STORES

FLOODED: WB1,2,3,4,5, FORE-PEAK, CHAIN-LOCK

BSSTORE

Cutboard Profile View

Profile View

Tanks

45 FRISH-WATER.S..100% 23 ICHATH-LOCK. 5. . FLD
1 CTANKE-NOL.5 48 TEED-NRTER.S...100% 84 ICHATH-LOCK.P.. FLD
T CTANKE-NOL.F. 47 DNBTANK-MOL.5.. FLD St DASSTORE.C..... o
3 CTANKE-NO2 .5 48 TARTANK-NOL.F.. FLD
4 CTANE-MO2 . WY DNRTAMK-MOG.S.. FLD Critical Doints
5 CTANK-MO3 . 70 DNRTANK-MIQ.F.. FLD tpl ALr pips WNZI.a
£ CTANK-MOI .. 71 DNRTANK-MI3.S5.. FLD 2 Alr pips WNI.p
T CTANK-MOA 5 73 DNRTANK-MOO.F.. FLD =51 Alr pipa CTZ.a
B CTANK-NOA 7 73 DNBTANK-MOM.S5.. FLD cpd Alr pips CTI.p
¥ CTANK-MOS.5. 74 DNRTANK-MOH.F.. TLD cp& Al pips Aftac-paak.aft
10 CTANK-MOS.F 75 DNRTAMK-MOS.5.. TLD cpb Accommodation

76 DNRTANK-MOS.F.. TLD

7% DFORR-PEAK.C... FLD

Slika 76. Naplavljeni tankovi u OSte¢enom stanju 21
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Diplomski rad

Tablica 72. Naplavljeni tankovi i kriti¢ne tocke za OSteceno stanje 21

WEIGHT and DISPLACEMENT and CRITICAL POINT STATUS

Trim:

HULL

DWBTANK-NOL1.S

DWBTANK-NOL1.P

DWBTANK-NO2 .S

DWBTANK-NO2 . P

DWBTANK-NO3.S

DWBTANK-NO3.P

DWBTANK-NO4.S

DWBTANK-NO4.P

DWBTANK-NO5. S

DWBTANK-NO5.P

DFORE-PEAK.C

DCHAIN-LOCK. S

DCHAIN-LOCK.P

DBSSTORE.C

Baseline draft:

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

Flooded

1.

1.

Fwd 9.50/270.00,

.025
.025
.025
.025
.025
.025
.025
.025
.025
.025
.025
.025

.025

025

025

Total Displacement—> 1.025

Distances in METERS.

Critical
(1) Air pipe
(2) Adir pipe
(3) Air pipe
(4) Air pipe

(5) Air pipe

Points-————————————————————

WB2.s
WB2.p
CT2.s

CT2.p

After-peak.aft

(6) Accommodation

Distances in

Displ (MT) ----LCB

Heel:

15.901 @ Origin

Stbd 0.27 deg.

230,636.67 147

-3,557.
-3,557.
-3,849.
-3,842.
-4,001.
-3,983.
-3,898.
-3,880.
-3,776.
-3,758.

-2,115.

-110.

-110.

-346.

43

43

55

72

19

17

53

51

15

13

39

57

57

13

242.

242.

137

102.

102.

266.

263.

263

265.

.794f€

581f

581f

L273f

L291f

.525f

.525f

.248f

.248f

036f

037f

007f

350f

.350f

459f

189,849.22 141.374f

FLOOD

FLOOD

FLOOD

FLOOD

FLOOD

FLOOD

224

224.

224

224

.370

370

.370

.370

.800

.600

f 21

f 21

£f 1

£f 1

a 10.

f 14.

12.

12.

16.

16.

l6.

l6.

l6.

16.

16.

16.

.039s

987s
987p
569s
558p
898s
870p
738s
709p
538s

507p

.000
.5655
.565p

.000

10.

8.

19.

19.

22

.351

.351

.189

.159

.486

.415

L1111

.042

303

000

000

.312

0.040s 11.783

0.001

.500s
.500p
.200s
.200p
000s

000s

23.

24

24

23.

23.

0.000s

Moments in m.-MT.

.860

860

.760

.760

900

800

-0.

0.

Height

038

167

.958

.970

METERS . === === mmm = — oo oo

Fakultet strojarstva i brodogradnje
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Tablica 73. Hidrostatske karakteristike za Osteceno stanje 21

HYDROSTATIC PROPERTIES with FLOODING
Trim: Fwd 9.50/270.00, Heel: Stbd 0.27 deg., VCG = 13.331

LCF Displacement Buoyancy-Ctr. Weight/ Moment /

Draft----Weight (MT) ----LCB----- VCB——————— cm

19.763 189,849.22 141.374f 11.783 100.55 109.771f 1468.29 208.82 5.765

——————————— Moment in m.-MT.

Distances in METERS.----- Specific Gravity = 1.025.

Trim is per 270.00m.

Draft is from Baseline. True Free Surface included.

Critical Point-------—--—--——————————- LCP

(1) Air pipe WB2.s FLOOD 224.370f 21.500s 23.860

Fakultet strojarstva i brodogradnje 115
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Slika 77.  Krivulje stabiliteta za Osteceno stanje 21
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Diplomski rad

icne sile za Osteceno stanje 21
at 83.750f
at 119.030f (Sagging)

ijanja i smicne si

ta sav

4

Zaj najveceg momen
-286,105 MT-m

-4,185.3 MT

2

Largest Bending Moment:

Tablica 74. Iznos i polo
Largest Shear:

Vijekoslav Grubisi¢
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Slika 78. Karakteristike uzdu
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