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1. Uvod

Danasnje vrijeme karakterizirano je izrazito brzim razvojem industrije i novih tehnologija.
Od toga nije izuzeta ni brodska i pomorska industrija u kojoj dolazi do brze evolucije metodologija
projektiranja i izgradnje, potaknute od strane industrije pomorskog prometa. S obzirom da je
prijevoz brodom i dalje najefikasniji oblik prijevoza, raste potreba za slozenim i izdrzljivim

plovilima, sposobnim za prijevoz putnika i tereta, nerijetko u teSkim okolisSnim uvjetima.

Jedan od primjera takvih plovila je i trajekt za prijevoz putnika i automobila sa obostrano
ukrcajnim rampama (engl. double-ended ferry). Njegov jedinstveni dizajn, koji omogucuje Ceste
plovidbe u sloZzenim morskim uvjetima, postavlja izazov u projektiranju strukture, posebno u
njegovoj uzduznoj ¢vrsto¢i. Buduéi da ovi trajekti Cesto prevoze znacajan broj putnika i vozila,
odrzavanje njihove sigurnosti i strukturalnog integriteta plovila postaje izrazito vazno. Kada se
ovome doda sve vece pritiske pomorskih propisa, standarda i ciljeva odrzivosti i koriStenja zelenih
tehnologija; jasno je zasto brodogradevni inZenjeri neprestano teze optimiziranim rjeSenjima koji

pruzaju i funkcionalnost 1 sigurnost.

Ovaj rad bavi se strukturnom analizom i utjecajem nadgrada na uzduZznu cEvrstocu
navedenog plovila. Duljina broda je znacajno veca od njegove Sirine 1 visine te iz tog razloga
uzduzna c¢vrstoca igra bitnu ulogu. Uzduzna c¢vrstoca definira se kao sposobnost brodske
konstrukcije da u cijelosti 1 mjestimi¢no preuzme i izdrZi djelovanje vanjskog opterecenja za cijeli
zivotni vijek broda. Nadgrade je struktura koja je natkrivena palubom, nalazi se iznad palube
nadvoda 1 prostire se od boka do boka broda, ili struktura ¢ije bo¢ne stijenke nisu udaljene od
oplate za viSe od 4% Sirine broda. Nadgrade koje se proteze najmanje 15% duljine broda unutar
0,4L u sredini broda (20% duljine broda sa svake strane glavnog rebra) opc¢enito se moze smatrati
relevantnim za proracun uzduzne ¢vrstoce (engl. effective superstructure). Utjecaj ostalih nadgrada
1 palubnih kuéica treba se procijeniti od slucaja do slu€aja putem analize metodom konacénih
elemenata koja uzima u obzir op¢i raspored uzduznih strukturnih elemenata (bokova, paluba,
pregrada, itd.). Analiza metodom konac¢nih elemenata (engl. Finite Element Analysis; u daljnjem
tekstu FEA ili MKE) je danas standardni ra¢unalni alat koji omogucuje inZenjerima da simuliraju
uvjete u stvarnom svijetu, pruzajuci detaljniji uvid u to kako se razli€iti dijelovi broda ponaSaju

pod razli¢itim opterecenjima.



U prvom poglavlju biti ¢e rije¢ opcéenito o trajektima i opisati ¢e se obostrano ukrcajni
trajekt za kojeg je potrebno provesti analizu. U drugom poglavlju biti ¢e naveden proracun po
pravilima klasifikacijskog druStva koji je koriSten za postavke analize metodom konacnih
elemenata koja ¢e biti poblize objasnjena u treCem poglavlju. U ¢etvrtom poglavlju provesti ¢e se
analiza moguénosti ukljucivanja struktura nadgrada u proracun uzduzne (globalne) ¢vrstoc¢e trupa
broda kombinacijom rezultata FEA 1 varijacije postotka ukljucenosti elemenata iznad glavne

palube. U zakljucku ¢e se napraviti sinteza podataka i rezultata analiza napravljenih u radu.

Cilj ovoga rada je temeljem strukturne analize metodom konac¢nih elemenata analizirati
utjecaj nadgrada na uzduZnu ¢vrstocu obostrano ukrcajnog trajekta. U tu su svrhu koriSteni sljedeci
programski paketi: Rhinoceros 7.0 za izradu modela, Siemens FEMAP za provodenje analize
metodom konac¢nih elemenata te MARS 2000 za varijacije postotka ukljucenosti elemenata iznad

glavne palube i njihov utjecaj na rezultate.



2. Brodovi za prijevoz tereta na kota¢ima i putnika

Brodovi za prijevoz tereta na kota¢ima (engl. Roll-on Roll-off; skra¢eno Ro-Ro) sluze za
prijevoz raznovrsnog tereta, od auta 1 kamiona pa sve do prikolica 1 vagona. U ve¢ini slucajeva,
Ro-Ro brod ima pokrov dvodna, palubu nadvoda ili glavnu palubu i jo§ jednu palubu nadgrada
(osim u slu¢aju brodova za prijevoz automobila koji imaju vec¢i broj paluba). Tim se brodovima
moze prevoziti i teret koji nije na kotac¢ima ako se ukrca i iskrca dizalicom, $to se uglavnom koristi
za prijevoz kontejnera ili drugog glomaznog tereta na gornjoj palubi. Osim tereta, mogu prevoziti

do dvanaest putnika, $to je ogranicenje za teretne brodove po SOLAS-u.

Ukoliko takav brod prevozi vise od dvanaest putnika, rije¢ je o trajektu za prijevoz vozila i
putnika (engl. Roll-on Roll-off Passenger; Ro-Pax). Njih karakterizira barem jedna paluba za
vozila 1 jedna ili viSe paluba za smjeStaj putnika. Uglavnom su gradeni tako da se vozila mogu
ukrcati na jednoj strani broda, a iskrcati na drugoj. Ro-Pax brodovi koji redovno prevoze teret i
putnike na kra¢im relacijama nazivaju se trajektima. Trajekti takve vrste uglavnom su duljine
dvadeset i pet do dvjesto pedeset metara. Uobicajena brzina im je do trideset ¢vorova. Primjer

takvog plovila prikazan je na slici 2.1.
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Slika.22.1.1 - Jadrolinijin trajekt Jadran [1]



2.1. Strukturne specifi¢nosti

Plovilo koje je tema ovog rada je obostrano ukrcajni trajekt za prijevoz putnika i tereta kojemu

je putanja ogranicena na hrvatske vode. Preliminarni nacrt glavnog rebra prikazan je na slici 2.1.1,

a op¢i plan na slici 2.1.2. Glavne dimenzije broda prikazane su u tablici 2.1.1.
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Slika 2.1.1 — Glavno rebro

Palube se nalaze na sljede¢im visinama:

=>» pokrov dvodna na 1050 mm od osnovice
=> glavna paluba na 3800 mm od osnovice
=> paluba kastela na 6600 mm od osnovice
=>» putnicka paluba na 9400 mm od osnovice
=>» suncaliSte na 12200 mm od osnovice

=>» paluba kormilarnice na 15900 mm od osnovice
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Slika 2.1.2 - Op¢i plan



Tablica 2.1.1 - Glavne dimenzije plovila

Duljina preko svega 101.9 m
Duljina izmedu perpendikulara 92.7 m
Registarska Sirina 20.0 m
Visina dvodna (na glavnom rebru) 1.05 m
Visina do glavne palube (na glavnom rebru) 3.8 m
Maksimalni gaz 2.5 m
Nosivost (na maksimalnom gazu) Oko 1000 t
Bruto tonaza 4860 GT

Plovilo ima zatvorenu garazu za smjestaj vozila u potpalublju, otvorenu glavnu palubu koja je
namijenjena za smjestaj vozila, palubu za putnike, suncaliste i kormilarnicu. Pogon mu je hibridni:
dizel motor s mogu¢noS¢u pogona na baterije. Plovilo je namijenjeno prijevozu privatnih
automobila, kao 1 kombija, buseva, kamiona 1 prikolica. Kapacitet mu je 130 automobila ili 22
kamiona s prikolicom na glavnoj palubi i 40 automobila u potpalublju. Potpalublju se moze prici
s glavne palube preko dvije rampe, jedna od kojih je na krmenoj, a druga na pramcanoj strani.
Rampe se pokrecu hidraulicki kako bi se glavna paluba u potpunosti mogla iskoristiti za parking.
Na krmenom 1 pram¢anom dijelu plovila nalaze se hidrauli¢ke rampe preko kojih se vozila 1 putnici
mogu nesmetano ukrcavati i1 iskrcavati. Plovilo moze prevoziti do 600 putnika, a za posadu do 12

osoba osiguran je smjestaj dok su na duznosti.



2.2. Rac¢unalni model strukture

Racunalni model strukture cijelog broda napravljen je u programu Rhinoceros 7.0 1 prikazan
na slici 2.2.1. Uzduzni presjek ratunalnog modela prikazan je na slici 2.2.2, a poprecni presjek na
slici 2.2.3. Struktura ispod glavne palube prikazana je na slici 2.2.4. Struktura koja je relevantna

za ovu analizu nalazi se unutar 0,4L po sredini broda.

Materijali koriSteni na ovom brodu su obi¢ni brodogradevni Celik 1 brodogradevni celik
povisene ¢vrstoce (kvaliteta AH36). Debljine limova krecu se od 6 mm za oplo¢enje nadgrada do

14 mm za ojacanja na popre¢nim nosacima ispod glavne palube. Za brodogradevne ¢elike Youngov

modul iznosi 206000 N/mm?2 i Poissonov koeficijent iznosi 0,3. [2]

Slika 2.2.2 - Uzduzni presjek racunalnog modela



Slika 2.2.4 - Racunalni model strukture ispod glavne palube



Specificnost trajekata su otvorene palube za smjestaj vozila s podiznim rampama sa prednje 1
straznje strane broda zbog bolje proto¢nosti vozila. 1z istog razloga na palubama nema poprecnih

pregrada te je zbog toga potrebno posebnu paznju posvetiti opasnosti od izvijanja.

Trajekt je izraden vec¢inom uzduznim nacinom gradnje. Osnovni strukturni elementi ukljucuju
strukturu koja se uzduzno prostire po vec¢em dijelu broda: hrptenica, kobilica, uzduzne pregrade,
uzduznjaci dna, uzduznjaci paluba, podveze i bocni nosaci. Poprecni elementi strukture su
rebrenice, poprecne okvire i poprecne pregrade. Poprecni sustav gradnje koriSten je iznad putnicke
palube, gdje se mogu primijetiti i upore kojih na donjim palubama nema kako bi se povecala

povrsina za skladiStenje tereta i olakSao promet vozila po brodu.

S obzirom na nacin krcanja, trajekti imaju viSe sustavno teZiSte u odnosu na ostale tipove
brodova te je potrebno osigurati veci pocetni stabilitet. Na palubama nema pregrada te se treba
urac¢unati i mogucnost naplavljivanja Sto stvara velike slobodne povrsine koje dodatno ugrozavaju

stabilitet broda.
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3. Dimenzioniranje strukture po pravilima i propisima Kklasifikacijskog

drustva

Detaljni proracun po pravilima Hrvatskog registra brodova (u daljnjem tekstu HRB) nalazi
se u dodatku A ovog rada, dok su osnovne formule i krajnji rezultati obuhvaceni proracunom
prikazani u ovom poglavlju. Obostrano ukrcajni trajekt o kojem je rije¢ u ovom radu graden je
vecinski uzduznim sustavom gradnje; poprecnim sustavom gradnje gradena je samo vanjska
oplata nadgrada iznad palube za putnike. Sve palube i vanjska oplata ispod palube za putnike

izvedene su uzduznim sustavom gradnje.

UzduZnu ¢vrstocu broda osiguravaju uzduzni konstrukcijski elementi koji se neprekinuto
protezu duz broda: kobilica, hrptenica, bo¢ni uzduzni nosaci, bo¢ne proveze, palubne proveze
i podveze, oplata dna, neprekinuta oplata paluba, uzduzne pregrade, oplata pokrova dvodna i

dijelom oplata boka u zonama udaljenima od neutralne osi. [3]

Prvi korak ka postizanju zadovoljavaju¢e uzduzne Ccvrstoe broda je pravilno
dimenzioniranje konstrukcijskih elemenata po pravilima nekog klasifikacijskog drustva, u
ovom slu¢aju HRB-a. Klasifikacijska drusStva uz razvoj tehnicke regulative razvijaju i
prikladne racunalne sustave za analizu brodskih konstrukcija po pravilima kojima se
projektanti koriste u svakodnevnom radu. Tako ¢e, primjerice, u ovom radu biti koriSten MARS

2000, sustav koji je razvilo klasifikacijsko druStvo Bureau Veritas.

Na slici 2.1.1 u prethodnom poglavlju prikazan je preliminarni nacrt glavnog rebra. Taj je
nacrt koriSten 1 za izraCun momenta inercije glavnog rebra te su zbog jednostavnijeg raCuna
umjesto bulb profila koristene trake s jednakim otpornim momentom, kako je prikazano u
tablicama u prilogu B. Sve formule koje se nalaze u ovom poglavlju referiraju se na pravila 1

propise HRB-a. [4]
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3.1. Opterecenja brodske konstrukcije

Opterecenje na izlozenim palubama:

_ 204
Pp = Po’ Gorz—a)p

- Cg, [KN/m?] , (3.1)
gdje je:
po — osnovno vanjsko optere¢enje na element strukture (engl. basic external load)
d — gaz broda na konstrukcijskoj vodnoj liniji
z — visina elementa
D — visina broda

Ca — ¢imbenik koji ovisi o uzduznom poloZzaju elementa

Tablica 3.1 prikazuje opterecenja na izlozenim palubama. U tablici 3.2 prikazana su minimalna
optere¢enja palube c¢vrstoce. Tablica 3.3 prikazuje optere¢enja bocnih elemenata. Sva su

optereéenja izrazena u kN/m?.

Tablica 3.1 - Opterecenja na izlozenim palubama, HRB 3.2.1

Opterecenje palube [KN/m?]

za putnike 11.56
suncaliSte 991
kormilarnica 8.35

Opterecenje sponja

za putnike 8.67
suncaliSte 7.43
kormilarnica 6.26

Opterecenje profila

za putnike 6.93
suncaliSte 5.95
kormilarnica 5.01

12



Tablica 3.12 - Minimalno opterecéenje palube ¢vrstoc¢e, HRB 3.2.1.2

Optereéenje palube 16

Opterecenje sponja 12

Opterecéenje profila 9.6

Opterecenje na bo¢ne i pramcane elemente razlikuje se ovisno o visini pojedinog elementa.

Za bocne 1 pramcane elemente koji se nalaze ispod konstrukcijske vodne linije opterecenje se

racuna prema formuli:

ps = 10(d — 2) +po - Cp (1 +2). [kN/m?];

Za bocne 1 pramcane elemente koji se nalaze iznad konstrukcijske vodne linije optereéenje se

racuna prema formuli:

20
Ps =Po Cr 5, —5> [kN/m?];

gdje je: Cr — faktor koji ovisi o uzduznom polozaju elementa

Optereéenje uzvoja iznosi 38.62 kN/m?.

(3.3)

Opterecenje na oplatu dna racuna se po sljedecoj formuli:

pB = 10 . d + po . CF, [kN/mz],
i iznosi 39.84 kN/m?.

Tablica 3.3 - Opterecenja bocnih elemenata, HRB 3.2.2

(3.4)

(3.2)

Oplocenje boka | Bocne ukrepe | Uzduznjaci boka
izmedu pokrova dvodna i glavne palube 34.36 29.91 28.64
izmedu glavne palube i palube kastela 25.59 23.37 19.19
izmedu palube kastela i palube za putnike 20.61 19.15 15.46
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Tablica 3.4 prikazuje optere¢enja paluba nadgrada, dok tablica 3.5 prikazuje opterecenja paluba
kucica. Tablica 3.6 prikazuje opterecenja paluba teretom i paluba za smjestaj. Sve vrijednosti

optereéenja izrazene su u kN/m?.

Tablica 3.4 - Opterecenja paluba nadgrada, HRB 3.2.5

Paluba kastela 16
Paluba za putnike | 5.78
Suncaliste 4,96

Tablica 3.5 - Opterecenja paluba kucica, HRB 3.2.5

Oplocenje 4.17
Ukrepe 2.50
Profili 2.50

Tablica 3.6 - Opterecenje paluba teretom i paluba za smjestaj, HRB 3.3

Opterecenje teretom 39.12
Opterecenje dvodna 511
Opterecenje nastambi 7.21
Opterecenje strojarnice | 16.47

U tablici 3.7 prikazana su optereéenja tankova, ¢ije su vrijednosti izrazene u kN/m?,

Tablica 3.7 - Opterecenja tankova, HRB 3.4

pl slatka voda 31.74

pl protuljuljni tank 3022

Opterecenja punih tankova
p2 slatka voda 10.91

p2 protuljuljni tank 944

Opterecenja djelomicno ispunjenih tankova | Pax 27.33
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Na nacrtu glavnog rebra (slika 2.1.1) prikazan je protuljuljni tank. Tank slatke vode proteze se od
petnaestog do trideset 1 petog rebra na pramc¢anoj strani i na krmenoj strani broda, kako je vidljivo

iz opéeg plana broda (slika 2.1.2).
3.2. Dimenzioniranje oplate

Za brodove duze od 90 m oplata dna u sredini broda (srednjih 40% duZzine) ne smije biti tanja od

sljedecih vrijednosti:
ty =183:ny-s" \/ZE + ty, [mm], (3.5

t,=121-5/pg -k + tx, [mm], (3.6)

gdje je:

Oy = ’ajop —3-177 — 0,89 - g, [N/'mm?];

o4 - opterecenje izrazeno gornjom jednadzbom
oz - najveée normalno opterecenje uzduznog nosaca
Gdop - dopusteno opterecenje

120
— [

oL = N/mm?] za brodove duljine veée od 90 m;

k — faktor materijala (za obi¢ni brodogradevni Celik iznosi 1, za ¢elik poviSene ¢vrstoce kvalitete

AH36 iznosi 0,72)
71 - najveca projektna smicna sila uslijed uzduznog savijanja nosaca
s -udaljenost medu profilima
Za brodove koji zadovoljavaju uvjete uzduzne ¢vrstoce oplata dna ne smije biti tanja od:
teric = €1 2,325 +\Jo, + t,, [mm], (3.7)
gdje je:
tk — dodatak za koroziju

c1 — faktor; iznosi 0,5 za uzduzno orebrenje
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Usvojena debljina oplate dna iznosi 10,5 mm. Debljina kobilice 1 dokobilicnog voja gredne

kobilice ne smije biti manja od:
tkp=t+2
gdje je t debljina oplocenja dna u mm. Usvojena debljina kobilice iznosi 11 mm.

Za brodove dulje od 90 m oplo¢enje boka ne smije biti manje od:
ty =183'n,-s" \/iz + tg, [mm], (3.8)

t, =121-s-/ps k + tg, [mm], (3.9)

gdje je:

Og = ’ajop —3-172 — 0,89 - g5, [N/mm?];

0. - opterecenje izrazeno gornjom jednadzbom
oz -najveée normalno opterecenje uzduznog nosaca
Odop — dopusteno opterecenje

ors =0,76 - o1

120

0, = — [N/mm?] for L > 90 m;
K

= % [N/mm?].

Usvojena debljina oplocenja boka iznosi 8§ mm.
Sirina zavr§nog voja ne smije biti manja od:
b =800+ 5"L, [mm],

ni ve¢a od 1800 mm. Usvojena Sirina zavr$nog voja iznosi 1265 mm.
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3.3.UzduzZna ¢vrstoca

Zbog razlike u raspodjeli uzgona i tezina po duzini broda dolazi do pojave smicnih sila i
momenata savijanja. Kako te sile i momenti ne bi uzrokovali pucanje konstrukcije ili izvijanje,
potrebno je pravilno dimenzionirati elemente strukture kako bi se postigao dovoljan otporni
moment. S obzirom da je duzina broda puno ve¢a od njegove Sirine, u ovom proracunu obraduje

se samo uzduzna ¢vrstoc¢a broda, samo za slucaj najnepovoljnijeg stanja krcanja.

Standardna stanja krcanja koja se ispituju ukljucuju varijaciju krcanja (maksimalno nakrcani
brod, brod bez tereta i djelomi¢no nakrcani brod) kao i varijaciju provijanata (10, 50 i 100 posto
provijanata). Najnepovoljnije stanje krcanja po rezultatima iS¢itanim iz knjige trima 1 stabiliteta je

LCO02: maksimalno nakrcani brod sa 100% provijanata.

Smicne sile i momenti savijanja na mirnoj vodi iS¢itani su iz izvatka knjige trima i stabiliteta.

Prikazani su na slici 3.3.1 i njihove vrijednosti navedene su u tablici 3.3.1.

o
8 200
M ™ S000
g R S x
w .
p / . i
2 / 4 N
@ , 4 \
B / N I
/ N 2
N\
/ N\,
£ ; N
/ = . N S 8
—— B — <
L | | | B
7 T T ﬂ T T T T T T T T T R i P

...................... — 5000

~200—

Slika 3.3.1 - Smicne sile i momenti savijanja na mirnoj vodi
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Tablica 3.3.1 - Smicne sile i momenti savijanja na mirnoj vodi

t kN
Pozitivna smi¢na sila na mirnoj vodi | 141 1382.74
Negativna smicna sila na mirnoj vodi | -141 -1382.74

tm kNm
Moment savijanja pri pregibu 3955 38785.30
Moment savijanja pri progibu -3955 -38785.30

Zbog gibanja mora dolazi do razli¢ite razdiobe uzgona i tezina te se zbog toga racunaju momenti
savijanja 1 smicne sile na valovima. Vrijednosti istih ra¢unaju prema pravilima i propisima

HRB-a po sljedecoj formuli:

a) Pregibno stanje
M, = +190M - C,, - L*-B-C, 1073, [kNm];  (3.10)
E,=+430F,-C,-L-B-(C,+0,7)-1072, [kN]; (3.11)
b) Progibno stanje
M, =—-110M -C,, - L*-B - (C, +0,7) - 1073, [kNm]  (3.12)
E,=-30F,-C,-L-B-(Cy,+0,7) 1072, [kN] (3.13)

gdje je:
M, F;, F>— faktori koji ovise o uzduznom poloZaju elementa

2,52 for < 0,40
L L
X
M(x) =4 10, for 0,4 <7< 0,65,

1
—L  for % > 0,65

L — duzina broda
B — §irina broda

C» - koeficijent punoce istisnine
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S obzirom da je plovidba trajekta ogranic¢ena na hrvatske vode (podrucje 5), moment savijanja
moze se umanjiti za 30%. Usvojeni moment savijanja na valovima za pregibno stanje iznosi

106500,4 kNm, a za progibno -133592,6 kNm. Smicna sila na valovima iznosi £3930,35 kN.

Moment inercije glavnog rebra i modul presjeka izra¢unati su pomoc¢u programa Rhinoceros
7.0, kako je prikazano na slici 3.3.2. Analizom koja ¢e biti poblize objasnjena u kasnijim
poglavljima utvrdeno je koji dio strukture ulazi u uzduznu ¢vrstocu te je za taj dio strukture

izraCunata neutralna os, moment inercije i otporni momenti. Njihove vrijednosti navedene su u

tablici 3.3.2.

&% AreaMoments

Cumulative Arca = 1363511.73 (+/- 0.001) square millimeters for 361 objects
Cumulative Ares Centroid = 0,1e-11,4723.41718 (+/- 0,1.6e-08, 1e-06) for 361 objects
Cumulative Area Moments:

First Moments

xi 0(+/-0)

yi 1.90734863e-05 (+/- 0.022)

T 644988167+ 09 (+/- 1)

Second Moments

o 0(+/-0)

Yy 5021345496+ 13 (+/- 1e+04)

Z 5456363216+ 13 (+/- 1e+04)

Product Moments

xy: 0(+/-0)

yz 04 (+/- 1e+03)

2 0(+/-0)

Area Moments of Inertia about World Coordinate Axes

Ik 1.04777087e+ 14 (+/- 1e+05)

Iy 5.45636321e+13 (+/- 1e+04)

7 5.02134549e+13 (+/- 1e+04)

Area Radii of Gyration about Werld Coerdinate Axes

Ri: 8759.62348 (+/- 1e-06)

Ry: 63212638 (+/- 1e-06)

Rz 606404331 (+/- 1e-06)

Ares Moments of Inertia about Centroid Coordinate Axes

Ik 7.43116051e+13 (+/- 1e+04)

Iy 240021502e+13 (+/- 1e+04)

7 502134549+ 13 (+/- 1e+04)

Ares Principal Moments of Inertia sbout Centraid and Principal Axes

[1: 0, Direction (1,0,0)

2 5.02134549¢+13, Direction (-0, -1,-1.01712388¢-14)

13: 2.40981502e+13, Direction ( 0, 1.01712388e-14,-1)

Area Radii of Gyration about Centroid Coordinate Axes

Re: 7377.01387 (+/- 1e-06)

Ry: 42009173 (+/- 1e-06)

Rz: 606404381 (+/- 1e-06)

Copy All Save As.. Close

[

Slika 3.3.2 - Moment inercije i otporni moment glavnog rebra

Tablica 3.3.2 - Moment inercije i otporni moment glavnog rebra

Povrsina presjeka uzduznih elemenata 13655.12 cm*
Horizontalna udaljenost od centralne linije do vertikalne neutralne linije, Yn 0 m
Vertikalna udaljenost od oshovice do horizontalne neutralne linije, Zn 4.723 m
Vertikalni moment inercije, ly 24.1 m*
Horizontalni moment inercije, 1z 50.21 m*
Moment otpora dna, Wp 3.65 m?3
Moment otpora palube, Wp 1.76 m3
Staticki moment povrsine presjeka elemenata uzduzne cvrstoce oko neutralne osi 6.45 m3
Omjer momenta inercije i statickog momenta povrsine 3.74 m
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Otporni moment ne smije biti manji od vrijednosti dobivene formulom:

w =103, [em?], (3.14)

_ Mg+My,|
o

gdje je:

o - dopusteno normalno naprezanje [N/mm];

(05+3-%). BSVE e Xc03
3 L k L

zal =90, o(x) = 1T75’ for 0,3 < % <07 ;
5 x\ 18,5VL x
5' (1,3 _Z) 'T, for Z> 0,7

k  =1,0 za obic¢an brodogradevni ¢elik

k= 0,72 for za &elik povisene &vrstoée kome je ReH = 355 N/mm? (AH36)

o= %5 — 243,06 N/mm

[Mg+M,y,|
Whnin, progib = o 103 = 0,598 m’

_ IMg+My|

Wmin, pregib — 103 = 0,39 m?

o
Minimalni otporni moment odreden je izrazom:

Wininreduced = 80% [Cyy L2+ B+ (Cp + 0,7) - k] =0,99m®  (3.15)

Po rezultatima iz tablice 3.3.2 vidljivo je da su i otporni moment dna i otporni moment palube veci

od minimalne vrijednosti propisane pravilima i propisima.

Minimalni moment inercije odreden je izrazom:
_ L 49 _ 4
Lpin = 3+ P Whnin, [em™] = 3,86 m

Moment inercije takoder zadovoljava zadani kriterij, to jest veci je od minimalnog (tablica 3.3.2).
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3.4. Izvijanje
Potrebno je obratiti pozornost na lokalne kriterije ¢vrstoce na izvijanje. Normalno tlacno

naprezanje u limovima odredeno je izrazom:

t 2
o = 09 mE (=2, [N/mn?], (3.16)

gdje je:
E — modul elasténosti materijala
t» — debljina mreze oplocenja
b — kraca stranica promatranog panela

Slika 3.4.1 prikazuje numeraciju panela za koje je ispitano zadovoljavaju li lokalne kriterije

¢vrstoce na izvijanje. Za detaljni tabli¢ni prikaz pogledati dodatak C.

Normalno kriticno naprezanje (o ) moze se izjednaciti s normalnim tlacnim naprezanjem

u limovima (o) ukoliko je:

op <% (3.17)
gdje je:
oF — granica razvlacenja, N/mm2
or =235 N/mm?2 za obican brodogradevni €elik
or =355 N/mm2 za brodogradevni Celik poviSene Cvrstoce kvalitete AH36
Ukoliko izraz 3.17 nije zadovoljen, normalno kriticno naprezanje (o ) se ratuna prema izrazu:
oF

O, = Of (1 - E (318)

1z tablice na stranici 74 moZe se primijetiti da limovi na palubi za putnike i na suncali$tu nisu
zadovoljili kriterije ¢vrsto¢e na izvijanje. 1z toga su razloga ispod tih paluba postavljene trake

50x10 protiv izvijanja i izmedu njih postavljene upore.

21



85 88 & 88 89 o o1 2 98 o5 | e o7 o 99 100 101
| |xz &
85 66 £7 70 yal 72 74 75 76 77 78 79 80 ar
& |62
l6t
50
53
52
57
55
s
38 38 4 41 a2 4 u 45 a7 48 4 s st 52 53 s
» ¥ 12
20 21 2w 2 A % 27 2
30 3

Slika 3.4.1 - Numeracija panela za provjeru lokalnih kriterija na izvijanje
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4. Analiza metodom konac¢nih elemenata

Analiza metodom konac¢nih elemenata je alat za rjeSavanje slozenih inZenjerskih problema koji
ukljucuju odziv pomorskih struktura, utjecaj tekucina, prijenos topline, vibracije 1 jo§ mnogo toga.
FEA se moze koristiti za simulaciju ponasanja sustava pod razli¢itim uvjetima opterec¢enja i okolisa

te za optimizaciju njegovog dizajna i performansi.

U ovom poglavlju predstavit ¢e se strukturna analiza obostrano ukrcajnog trajekta u progibnom
1 pregibnom stanju za najnepovoljnije stanje krcanja. Opisat ¢e se glavne korake i izazove procesa
metode kona¢nih elemenata, kao $to su stvaranje mreze, rubni uvjeti i svojstva materijala. Analiza
je podijeljena na tri dijela koji odgovaraju razli¢itim strukturnim konfiguracijama plovila. Prvi dio
razmatra trup do glavne palube, koji je najkriti¢niji dio za uzduznu ¢vrstocu broda. Drugi dio
razmatra trup do palube za putnike, $to dodaje teZinu i1 krutost nadgrada. Tre¢i dio razmatra cijeli
brod, ukljucujuéi kormilarnicu. Cilj trodijelne analize je utvrditi kako nadgrade utjece na uzduznu

¢vrstocu broda, te ocijeniti optimalnu konstrukciju nosaca trupa.

Za analizu metodom konac¢nih elemenata koristen je Siemens FEMAP [5], u kojem su odradene

sve faze analize: omrezavanje i prethodna obrada, simulacija i vizualizacija rezultata.

4.1. Omrezavanje geometrije

Od modela cijelog broda izdvojene su povrsSine unutar 0,4L te su prebacene u FEMAP. U ovom
softveru jedan od izazova je Sto su vrijednosti bezdimenzionalne te je potrebno posebnu paznju
posvetiti mjernim jedinicama. Stoga je pri prebacivanju model skaliran 1000 puta kako bi
udaljenost bila izraZzena u milimetrima. Na slici 4.1.1 prikazana je veli¢ina koriStene mreZe 1 sama
mreza (moZe se primijetiti da su koriStena dva materijala koja se razlikuju bojom; obican
brodogradevni Celik 1 Celik povisene ¢vrstoce). Veli¢ina mreze je 300 mm. Slika 4.1.2 prikazuje
detalj mreze ispod suncaliSta sa navedenim koriStenim postavkama. KoriStene su tri vrste
elemenata: plate, beam 1 rigid elementi. Plate elementi koriSteni su za limove, beam elementi za
upore, profile i trake, a rigid elementi koriSteni su za postavljanje rubnih uvjeta. Na slici 4.1.3
prikazane su postavke brodogradevnog celika povisene ¢vrstoce kvalitete AH36. Razlika izmedu

tog materijala i obicnog brodogradevnog celika koji se takoder koristi u analizi je u granici
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razvlacenja, koja za obican brodogradevni celik iznosi 235 MPa, dok za celik poviSene Evrstoce

iznosi 355 MPa. Youngov

keoficijent 0,33.

- B8 BRI BR8]

Feature Suppression
Feature Removal
Feature Editing
Geometry Editing

Combined / Composite Curves

Combined / Boundary Surfaces

modul elasti¢nosti za oba materijala iznosi 206 MPa, a Poissonov

Mesh Sizing
Load Attributes from Surface |0 w
Property Use Meshing Attributes v &
@ off
Mesh Siing ® Size Al, Connect
© Size All, Disconnect
© Size, Internal/Free Edges
300. m|

 Advanced Sizing Options

Element Shape

AALCT

Meshing Method

® Free Mesh
© Mapped Mesh

Free Meshing Options

Max Quads
Quad/Tri Layers

(]

Min Elements Between Bound;

Surface Growth Factor

Refinement Ratio
Approach Options

Oo1
Not Specified

Show Free Edges

Advanced Meshing Options

Mesh Locate
Surface Mesh Quality

Slika 4.1.1 - OmrezZena struktura

Edh a2 8-
& Materials
- Properties
| 1.6mm
Tmm
BAH36
BAH36
5.124H36
B 6.7AH36
[ 7.10AH36
B 8.9AH36

12.10.54H36
13.HP220x10
14.HP200x9
15.HP120x9, HP180x8
16.HP120x10
7. HP160x9
18, HP160x8
9. HP160x7
W 20.HP140x9
W 21.HP140:8
L
L

22.HP140x7
23.HP120x8

. F100x10

W 28.F100:8
W 29.F120:7
W 30.F150:20
W 31.F150:10

W 35.F150x15
O 36.fi114.347.1
& Lavuos

Slika 4.1.2 - Koristene postavke
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Define Material - ISOTROPIC

D 1 Title AH3&
Color 104 - Layer 1

General  Function References  Monlinear  Fly/Bond Fallure Creep  Electrical/Optical - Phase

Material Type...

Stiffness Limit Stress
Youngs Modulus, E 205, Tension 355.
Shear Modulus, G 7900. Compression 0.
Poisson's Ratio, nu 0.33 Shear a,
Thermal . .
Expansion Coeff, a 1,512E-5
Mass Density 7.88E-3

Conductivity, k 0.05169

_ Damping, 2Cjco 0.
Spedific Heat, Cp 419000000,

) Reference Temp 211
Heat Generation Factor 0.
&y Load... Save... Copy... Ok Cancel

Slika 4.1.3 - Svojstva materijala definirana u FEMAPu

4.2. Rubni uvjeti
Opterecenje je definirano koriste¢i podatke 1z knjige trima 1 stabiliteta za proracun vertikalnog
momenta savijanja i vertikalne smicne sile na mirnoj vodi, dok su vrijednosti vertikalnog momenta

savijanja 1 smicne sile na valovima dobivene prema pravilima i propisima HRB-a.

Sile 1 momenti pri progibu odnosno pregibu postavljeni su u tockama koje se nalaze na
uzduznom presjeku broda na visini neutralne osi, udaljene od glavnog rebra za 20% duzine broda.

U tablici 4.2.1 prikazane su vrijednosti sila i momenata koje su koriStene pri analizi.

Najnepovoljnije stanje krcanja koje se promatra u ovom slucaju je LC2 sa maksimalnim
opterecenjem od tereta i 100% provijanata. Provijanti u ovom slucaju ukljucuju gorivo 1 slatku

vodu, no kako se tank goriva ne nalazi unutar 0,4L na sredini broda, on nije uzet u obzir pri analizi.
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Tankovi svjeze vode prostiru se od 15. do 35. rebra sa svake strane broda, kako je vidljivo na

op¢em planu (slika 2.1.2).

Tablica 4.2.1 - Vrijednosti sila i momenata

Ms Mw M Fs Fw F

Progib 38785.3 | 106500.4 | 145285.7 1382.74 3930.35 5313.09
Pregib -38785.3 -133593 -172378 | -1382.74 | -3930.35] -5313.09
kNm kNm kNm kN kN kN

Na slici 4.2.1. prikazan je rubni uvjet za brod u progibu.

Slika 4.2.1 - Rubni uvjet za brod u progibu

Prilikom analize metodom konacnih elemenata, ograni¢enja su neophodna jer pomazu
osigurati da su rezultati simulacije to¢ni i reprezentiraju uvjete koje ¢e struktura koja se analizira
dozivjeti u stvarnom zivotu. Drugim rijeCima, ograni¢enja se koriste za ograni¢avanje stupnjeva
slobode strukture. To¢na 1 realna primjena ograni¢enja ima znacajan utjecaj na to¢nost rezultata
simulacije. Ako je rije¢ o statickom problemu, kao u ovom slucaju, djelovanje primijenjenih
opterecenja uravnotezeno je skupom reaktivnih optere¢enja tako da se konstrukcija deformira, ali

ostaje stati¢na.

U tablici 4.2.2 i na slici 4.2.2 prikazana su ograniCenja koja su koriStena u analizi po

preporuci Bureau Veritasa. [6]
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Tablica 4.2.2 - Ogranicenja stupnjeva slobode

Rubni uvjeti Translacija
X Y Z
Tocka na pramc¢anoj strani modela Slobodna Ogranic¢ena | Ogranicena
Tocka na lijevoj strani oplate na krmenoj strani broda Ogranicena | Slobodna Ogranicena
Tocka na desnoj strani oplate na krmenoj strani broda Slobodna Ogranic¢ena | Ogranicena

FEMIAP

Slika 4.2.2 - Ogranicenja primijenjena na modelu

4.3. Prikaz rezultata

Na slikama 4.3.1 - 4.3.13 prikazani su rezultati tri uzastopne analize MKE. Prva je ukljucivala
samo strukturu do glavne palube, druga strukturu do putnicke palube, a trec¢a cjelokupnu strukturu
unutar 0,4L na sredini plovila. Ocekivano, §to je viSe strukture ukljuceno u analizu, manja su
naprezanja 1 manje su deformacije strukture; unato¢ visokim vrijednostima koje se mogu
primijetiti na slici 4.3.9. One se javljaju zbog velikih otvora te bi njih bilo potrebno dodatno
ukrijepiti 1 napraviti guS¢u mrezu na tom podrucju. Ali ako se grupiraju samo elementi ispod

putnicke palube te se usporede rezultati s drugom analizom, moze se zakljuciti da i struktura iznad
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putnicke palube preuzima barem dio optere¢enja. To pokazuju 1 manja maksimalna naprezanja

profila koja se smanjuju s postepenim ukljucivanjem strukture.

Slika 4.3.1 — Naprezanja strukture ispod glavne palube broda u pregibu

Slika 4.3.2 - Maksimalna naprezanja profila ispod glavne palube u pregibu
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Slika 4.3.4 - Maksimalna naprezanja profila ispod glavne palube broda u progibu
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Slika 4.3.6 - Maksimalna naprezanja profila strukture ispod putnicke palube broda u pregibu
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Slika 4.3.7 - Naprezanja strukture ispod putnicke palube broda u progibu

Slika 4.3.8 - Maksimalna naprezanja profila ispod putnicke palube broda u progibu
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Slika 4.3.9 - Naprezanja strukture cijelog trajekta u pregibu

Slika 4.3.10 - Naprezanja strukture ispod putnicke palube u slucaju ukljucenosti cijelog nadgrada pri pregibu
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Slika 4.3.11 - Maksimalna naprezanja profila cijelog trajekta u pregibu

Slika 4.3.12 - Naprezanja strukture ispod putnicke palube uz ukljucenost strukture cijelog trajekta pri progibu
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Slika 4.3.13 - Maksimalna naprezanja profila cijelog trajekta pri progibu

Slike 4.3.14-4.3.22 prikazuju vrijednosti naprezanja broda u progibu za sva tri dijela analize za
strukturnu cjelinu koja se sastoji od pokrova dvodna, pregrade na rebru 15 i uzduZzne pregrade
dvodna na 3000 mm. Na uzduznim pregradama prikazane su i deformacije i$¢itane iz FEMAP-a.
Vrijednosti maksimalnih naprezanja za navedene elemente i maksimalnih deformacija cjelokupne

strukture prikazane su u tablici 4.3.1.

Slika 4.3.14 - Poprecna pregrada na rebru 15 u prvom dijelu analize
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Slika 4.3.15 - Pokrov dvodna u prvom dijelu analize

o o o g g e o e

Slika 4.3.16 - Uzduzna pregrada u prvom dijelu analize

35



Slika 4.3.18 - Pokrov dvodna u drugom dijelu analize
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Slika 4.3.19 - Uzduzna pregrada u drugom dijelu analize

Slika 4.3.20 - Poprecna pregrada na rebru 15 u trecem dijelu analize
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Slika 4.3.21 - Pokrov dvodna u tre¢em dijelu analize

i e e e e it et o et 4—---—-“ 4------\
L

- T L N Sing

Slika 4.3.22 - Uzduzna pregrada u tre¢em dijelu analize
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Tablica 4.3.1 - Vrijednosti maksimalnih naprezanja i deformacija za brod u progibu

Dio Pokrov

analize Poprecna pregrada | dvodna Uzduzna pregrada | Deformacije

1. dio 43.204 62.138 147.03 635

2.dio 10.082 35.658 46.295 125

3. dio 9.0687 21.071 23.46 66
MPa MPa MPa mm

Iz tablice 4.3.1 vidljivo je da se naprezanja i deformacije znacajno smanjuju s ukljuc¢ivanjem
strukture iznad glavne palube u proracun.
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5. Utjecaj nadgrada na uzduznu ¢vrstocu trupa broda

Potrebno je provjeriti koliko je zapravo mogucée ukljuciti elemente iznad glavne palube u
proracun uzduzne globalne Cvrstoce trupa broda. U tu svrhu koristi se programski paket MARS
2000 (u daljnjem tekstu MARS). MARS je projektni alat kreiran od strane klasifikacijskog drustva

Bureau Veritas uz pomo¢ kojeg je moguce provjeriti globalnu ¢vrstocu trupa.

Slika 5.1 prikazuje glavno rebro trajekta za kojeg je napravljena analiza izmodelirano u
MARS-u. Na slici je prikazana provjera debljina. Radi jednostavnije provjere svakoj je debljini
dodijeljena njena boja.

%3 Marsin2000 - METRO.ma2 - RO MIDSHIP SECTION - (n"1) BV RULES SELECTED — O
File Edit Section Check Tools Help

|
|=0
a E.0'rm
— 7.0 mim
7.5 mm
r 8.0 mm
] 14 2.5 mm
- 15 10.0 mm
'/% 105 mm
7‘1 1 11.0 mm
- g 12.0 mm
) 9 12.5 mm ‘
=5
. |
_ 10
5 L
pel
2= L R
4 |
5 - }
o |
=
= 3 4 ‘
I
1 ]
13 12
1
9.76.19.68 hdl

Slika 5.1 - Glavno rebro u MARS programskom paketu
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U MARS-u je moguce definirati i koliko neki element zapravo sudjeluje u proracunu globalne

cvrstoce trupe. Tako je, primjerice, iterativnom odredeno da suncaliSte sudjeluje u prora¢unu 65%,

kako je prikazano na slici 5.2. Slika 5.3 prikazuje glavno rebro s definiranim ukrepama na

putnickoj palubi.

%J Marsin2000 - METRO.ma2 - RO MIDSHIP SECTION - {n*1]

File Edit Section Check Tools Help

U]

[T gy
% 15V
E? } };3 .'“\.1 1
4 9
fdl
i.ﬁ
o g 210
=
4
16

B |@mm [0 1]+ [Blo
W

s 7
| f‘\1 3 212 i

n

9.81.20.20

Slika 5.2 - Primjer sucelja za odredivanje mogucnosti ukljucivanja
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Slika 5.3 - Glavno rebro s prikazom ukrepa na putnickoj palubi
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Start:| 0600
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YA A< [
L5 Group ¥

100.0xe.0
100.0xe.0 |

100 _0x6.0
100.0x6.0
150.0x20.0
.0x€.0
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Scantling l Special] Brackets]
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Wweb [mm)

62000 = | 8.00
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S obzirom da iz same MKE analize nije moguce odrediti koliko to¢no koji dio strukture

sudjeluje u proracunu, potrebno je iterativnim postupkom do¢i do to¢nog rjesenja. MARS nema

opciju racunanja normalnih naprezanja te se zakljucak o postotku ukljucenosti strukture bazira na

usporedbi vertikalnog momenta savijanja kao mjere opterecenja. Za to¢niju pretpostavku bilo bi

potrebno varirati postotak ukljucenosti nadgrada, to jest elemenata iznad glavne palube te

postepeno smanjivati dimenzije strukture do glavne palube, pritom pazeci da otporni moment

ostane priblizno isti. Zatim bi za tu promijenjenu strukturu trebalo ponoviti MKE analizu 1 tako

iterativnim postupkom doci do to¢nog postotka uklju¢enosti nadgrada u proracun. Taj postupak je
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dugotrajan 1 izvan opsega ovog rada, stoga je provedena samo prva tocka iteracije: variranje
postotka ukljucenosti strukture iznad glavne palube s ciljem postizanja sli¢cnog momenta inercije

glavnog rebra.

Tablica 5.1 prikazuje uzduzne dijelove glavnog rebra i njihov postotak ukljucenosti u
proracun globalne ¢vrstoce. Prvi nivo, to jest struktura koja je ukljuena u prvi dio analize je do
glavne palube (engl. main deck), drugi nivo do putnicke palube (engl. passenger deck) i tre¢i nivo
obuhvaca svu strukturu navedenu u tablici. Rezultati proracuna iz MARS programskog paketa

nalaze se u dodatku C ovog rada.

Tablica 5.1 - Ukljucenost u proracun globalne cvrstoce

%

Vanjska oplata 100
SrediS$nji nosac 100
Pokrov dvodna 100
UzduZni nosac 3000 100
Uzduzna pregrada 6000 100
Glavna paluba 100
Vanjska oplata iznad glavne

palube 100
Putnicka paluba 100
Vanjska oplata nadgrada 30
Suncaliste 65
Krov suncaliSta 30
Paluba kormilarnice 10
Oplata kormilarnice 0
Krov kormilarnice 0
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6. Zakljucak

Ovaj rad bavi se strukturnom analizom i utjecajem nadgrada na uzduznu ¢vrstocu trajekta
s obostrano ukrcajnim rampama. Zbog sigurnosti putnika i ostalog tereta, potrebno je pravilno
dimenzionirati strukturu trupa broda. Za to je potrebno odrediti koliko je struktura nadgrada

ukljucena u sam proracun globalne ¢vrstoce.

U prvom poglavlju pisalo se o obostrano ukrcajnim trajektima. Drugo poglavlje sadrzi neke
od formula 1 konacnih vrijednosti dimenzija strukture iz proraCuna prema Hrvatskom registru
brodova. U tre¢em poglavlju provedena je analiza metodom konacnih elemenata u FEMAP-u. U
cetvrtom poglavlju navedeni su rezultati analize moguénosti ukljucivanja struktura iznad glavne
palube u proracun uzduzne ¢vrstoée trupa broda kroz varijaciju ukljucenosti elemenata pomocu

MARS 2000 programskog paketa.

Iako se glavna paluba smatra palubom ¢vrstoce, to ne znaci da 1 struktura iznad nje ne prima
barem dio opterecenja na sebe, kako je dokazano MKE analizom i analizom kroz MARS 2000
programski paket. Tocan postotak ukljucenosti nadgrada u proracun globalne ¢vrsto¢e moze se
odrediti iterativnim postupkom i kombinacijom obje analize: potrebno je varirati postotak
ukljucenosti strukture iznad glavne palube i dimenzije strukture do glavne palube te za varijacije
ponoviti analizu metodom konac¢nih elemenata. U ovom je radu prikazan primjer za jedan

strukturni element 1 metodologija izrade Citave analize utjecaja nadgrada.
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POPIS OZNAKA I KRATICA
B — Sirina broda
C» — koeficijent punoce istisnine
Cw — koeficijent punoce vodne linije
d — gaz broda na konstrukcijskoj vodnoj liniji
D — visina broda
E — modul elasti¢nosti materijala
I — moment inercije

k — faktor materijala (za obi¢ni brodogradevni Celik iznosi 1, za ¢elik poviSene ¢vrstoce

kvalitete AH36 iznosi 0,72)

L — duzina broda

Pa — paskal, mjerna jedinica

pp— opterecenje palube

pr— opterecenje sponja

pc— opterecenje nosaca

ps— opterecenje bocnih 1 pramc€anih elemenata

po — osnovno vanjsko optere¢enje elementa strukture (engl. basic external load)
s —udaljenost medu profilima

z — visina elementa

W — otporni moment

Ca, Cr, M, F1, F>— faktori koji ovisi 0 uzduznom polozaju elementa
71 — najveca projektna smicna sila uslijed uzduznog savijanja nosaca
o1 — najvece normalno opterecenje uzduznog nosaca

o — dopusteno normalno naprezanje
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SAZETAK I KLJUCNE RIJECI

Za predlozeni trajekt za prijevoz putnika i automobila sa obostranim ukrcajnim rampama i za
ogranic¢eno podrucje plovidbe u Jadranu provedena je analiza utjecaja nadgrada na uzduznu
¢vrsto¢u. Analiza mogucnosti ukljuc¢ivanja strukture iznad glavne palube u proracun uzduzne
(globalne) ¢vrstoce trupa broda provedena je kombinacijom rezultata analize metodom konac¢nih
elemenata u Siemens FEMAP-u i varijacijom postotka ukljuc¢enosti elemenata iznad glavne palube
kroz MARS 2000 programski paket. Iako se glavna paluba smatra palubom ¢vrstoce, to ne znaci
da i struktura iznad nje ne prima barem dio opterecenja na sebe, kako je dokazano objema

analizama.

Kljucne rijeci: MKE, metoda konacnih elemenata, nadgrade, trajekt

A sensitivity analysis of the superstructure on the longitudinal strength was carried out for the
proposed Ro-Pax ship: a ferry for the transport of passengers and cars with two-sided boarding
ramps and for a limited navigation area in the Adriatic. The analysis was carried out by combining
the results of the FEA (finite element analysis) in Siemens FEMAP and the using the MARS 2000
software package to variate the inclusion percentage of the elements above the main deck in the
calculation of the longitudinal global strength of the ship’s hull. Although the main deck is
considered a strength deck, this does not mean that the structure above it does not also receive at

least some of the load on itself, as proven by both analyses.

Key words: FEA, finite element analysis, superstructure, ferry
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DODATAK A - Dimenzioniranje strukture po pravilima Hrvatskog registra
brodova

3 DESIGN LOADS
3.1 General
3.1.2 Definitions
3.1.2.1 Load centre:
a) For plates:
- vertical stiffening system:
0,5x stiffener spacing above the lower support of plate field, or lower edge of plate
when the thickness changes within the plate field;
- horizontal stiffening system:
midpoint plate field.
b) For stiffeners and girders:
- centre of span /.
3.1.2.2 Definition of symbols:
v =ship’s speed according to Section 1.2.6;
pe = density of cargo as stowed, [t/m’];
p = density of liquids, [t/m?];
p  =1,025 t/m3 for fresh and sea water;
z  =vertical distance of the structure’s load centre above base line, [m];
x = distance from aft end of length L, [m];
C» =block coefficient according to 1.2.6.1., but is not to be taken less than 0,60;
po =2,1(Cp+0,7) - Cw- Cr- f[KN/m*];

300—L)1’5.
100 ’

Cy =10,75 — (

Cr =1,0;
f =1 for shell plating and weather deck;
f =0,75 for frames and deck beams
f =0,60 for web frames, stringers and grillage systems.
Note: For restricted service areas these values pg may be decreased, as follows:
10% for service range 2
25% for service range 3
30% for service range 4, 5
40% for service range 6, 7, 8
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Co =0,7

v =10 knots

p =1,025 t/m’

L =92 7m

d =25m
C» =0,60

D =38m

B =20m

Cp = 10,75 — (300 _ L)LS = 7,765

100
c, =10

Basic external load for shell plating and weather decks:

£=10
Po, = 2,1+ (C, +0,7)* Cp - Cy, * fy * Cp = 14,84 kN/m?

Basic external load for frames and deck beams:
fr=0,75
Po, = 2,1+ (C,+0,7)-Cy - C, -ff Cqr = 11,13 kN/m?

Basic external load for web frames, stringers and grillage systems:
f:=0,60
Po, = 2,1+ (Cpb+0,7):Cy - Cp- fg - Csr =890 kN/m?

3.2 External sea loads
3.2.1 Load on weather deck

3.2.1.1 Load on weather decks is determined according to:

20-d

— —_— . 2
pD - pO (10+z-d)-D Ca9 [kN/m ]

where the factor depending on the longitudinal position, C,, is determined according to:
1,2 -3, if0<*<0,2
L L
C,(x) ={10, if0,2<7<07
10+5(5-07), if07<><1,0
3\L L

C=015-L—-10=5
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2.5

S
= 15
OG
1 \
0.5
0
0 01 02 03 04 05 06 07
x/L
Shell (plating of deck):
Passenger deck — 9400 ABL
x=46,35m
z=94m
(x,2,C,) = py. - —=22 . C.(x) = 11,56 kKN/m?
Pp\X%, 2, Ca) = Pos " (Toiz—ayp  “a\X) T 1L m

Sun deck — 12200 ABL

x=46,35m
z=122m

20-d
Po,(x,2,Ca) = po, - (10+z-d)-D

Wheelhouse deck — 15900 ABL

x=46,35m
z=159m

20-d
P, (x,2,Ca) = po, - (10+2z—-d)-D

Frames (deck beams):
Passenger deck — 9400 ABL
x=46,35m

z=94m

20-d

Po,(%,2,Ca) = poj - (10+2z-d)-D

- C,(x) = 9,91 kN/m>

- C,(x) = 8,35 kKN/m?

- C,(x) = 8,67 kN/m?
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Sun deck — 12200 ABL
x=46,35m

z=122m

20-d
pr(x. z,C,) = Po, " Torz—aD C,(x) =743 KN/m?

Wheelhouse deck — 15900 ABL
x=46,35m

z=159m

20-d
Po;(0,2,C) = Po; * ormayp Ca(®) = 6,26 KN/m?

Girders:
Passenger deck — 9400 ABL
x=46,35m
z=9,4m
Po,(%,2,Ca) = Po, " Gomparp” Ca(%) = 6,93 kN/m?

Sun deck — 12200 ABL

x=46,35m
z=122m

_ 20-d 2
ng(x, Z, Ca) = pog ' (10+Z——d)D : Ca(X) = 5,95 kN/m

Wheelhouse deck — 15900 ABL

x=46,35m
z=159m

_ 20-d 2
P, (.2, Ca) = Po, " Gorymayp Ca(®) = 5,01 kKN/m

3.2.1.2 Strength decks treated as weather decks and forecastle decks
Shell (deck plating):
Ppming = max(16 - f;, 0,7 - pos) = 16 kN/m?

Frames (deck beams):
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Pomin; = max(16 - f, 0,7 - po;) = 12 kN/m?’

Girders:
Pomin, = max(16 - f3,0,7 - po,) = 9,6 kN/m’

3.2.2 Load on ship’s sides and of bow structures
3.2.2.1 Load on ship’s sides
The external load on the ship’s sides is determined according to the following:

a) For elements which load centre is located below load waterline:

ps =10(d — 2) + po - Cp (1 +2), [kN/m?);
b) For elements which load centre is located above load waterline:

20
Ps =Po Cr 5y, — » [KN/m’];
where the factor depending on the longitudinal position, Cr, is determined according to:
(L0+2(02-5%), ifo<Z<o02
Ch L L

Cp(x) = J 1,0, if0,2<7<07

2
l1,0 +2(Z-07) ,if0,7 <2< 10
Cp \L L

=
=
~ 15
<3
O

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 093
x/L

Shell:
Elements below load waterline
x=46,35m

z=0,3m
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Ps,(x,2) = 10(d — 2) + o, - Cp(x) - (1 +2) = 38,62 KN/m’

Oplocenje boka (Tank top — Main deck)
x=46,35m
z=135m

Z

Ps,(x,2) = 10(d — 2) + po, - Cp(x) - (1 +2) = 34,36 KN/m’

Ukrepe boka (Tank top — Main deck)
x=46,35m
z=2,425m

—— = 29,91 kN/m?

10+z

Ds, = Do, * Cr(x) -

Oplocenje boka (Main deck — Forecastle deck)

x=46,35m
z=4,1m
20
Ps; = Po, " Cr(x) * o— = 25,59 kN/m?

Ukrepe boka (Main deck — Forecastle deck)

x=46,35m
z=52m
20
Ps; = Po, * Cr(x) " -—— = 23,37 kN/m’

Oplocenje boka (Forecastle — Passenger deck)

x=46,35m
z=69m

=y - Cr(x)  —2— = 20,61 kN/m>
Psg = Po, 7 (x) Torz—a _ 2V m

Ukrepe boka (Forecastle — Passenger deck)

x=46,35m
z=8,0m
20
Ps, = Po, " Cr(¥) " oo = 19,15 kKN/m’
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Bottom longitudinals
x=46,35m
z=0,0m
ps, (x,2) = 10(d — 2) + po, - Cp(x) - (1+2) = 36,13 kN/m?

UzduZnjaci boka (Tank top — Main deck)
x=46,35m
z=1,35m

ps, (x,2) = 10(d — 2) + po, - Cp(x) - (1+2) = 28,64 kN/m?

Uzduznjaci boka (Main deck — Forecastle deck)
x=46,35m

z=4,1m

ps, = Po, - Cr(x) - — — = 19,19 kN/m’

10+z-d

UzduZnjaci boka (Forecastle — Passenger deck)
x=46,35m
z=69m

20
Ps; = Do, * Cp(x) - ——— = 15,46 kN/m’

Uzduznjaci boka (Passenger deck — Wheelhouse deck)
x=46,35m
z=9,7m

20
10+z—-d

Ps; = Po, * Cr(x) - = 12,94 kN/m?

3.2.3 Load on the ship’s bottom

The external load of the ship’s bottom is determined according to:

pg =10-d + py - Cr, [KN/m?].

x=46,35m
pp(x) =10-d + py - Cr(x) = 39,84 kN/m?

3.2.5 Load on decks of superstructures and deckhouses

The load on exposed decks and parts of superstructure and deckhouse decks is determined as

follows:

Ppa = Pp " 1, [kKN/ mz]
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where:

pp = as calculated in 3.2.1.1;

n=1—;;
10

Nmin = 0,5,

n = 1,0 for the forecastle deck.

For deckhouses the value determined may be multiplied by the factor:

(0.7-%+03)

B’
where:

b’ = breadth of deckhouse;

B’ = largest breadth of ship at the position considered.

Forecastle

n=1

pp =16 kN/m?

PDAforecastie = Pp * 10 = 16 [KN/m’]
Passenger deck

n=0,5

pp = 11,56 kN/m?

PDApassenger = Pp 1 = 5,78 [kN/m?]
Sun deck

n=0,5

pp =991 kN/m?

Ppag,, = Pp N = 4,96 [kKN/m’]

Deckhouses
b’=20m
B’=20m

(0.7 Z 03) =10

Plating

55




n=0,5
pp = 8,35 kN/m?
PpAyiaring = Pp 1= 417 [KN/m?]

Frames

n=20,5

pp = 5,00 kKN/m?

PpAgtiffeners — Pp "N = 2,50 [kN/m?]
Girders

n=20,5

pp = 5,00 kN/m?

PDAgiraers = Pp 1 = 2,50 [KN/m?]

3.3 Cargo loads, load on accommodation decks
3.3.1 Load on cargo decks
3.3.1.1 Load on exposed decks and parts of superstructure and deckhouse decks
The load is determined according to:
P, = pe (1+a,), [KN/m?],
where:
pc = static cargo load, [kN/m?];
pc = 7+ h for ‘tween decks but not less than 15 kN/m? if no cargo load is given;
h = mean ‘tween deck height, [m],

and the acceleration factor, a,,, is calculated:

a, =F-m;
v
F=011%;
X . X
my —5(me— 17, if0 <7 <0,2
. X
m(x) =410, if0,2<-<07,
1+ m°+1(5— 0,7),if0,7 <X<1,0
03 \L L

m0=1,5+F.
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m (x)

AN

0 01 02 03 04 05 06 07 08 09 1
x/L

h=2475m
pc=17-h=17325kN/m?

v
F= 0’11\/_Z = 1,06 kN

my = 1,5+F =2,56t
a,(0,5) = F -m(x) = 1,06 m/s*
p.(0,5) = pc [1+ a,(0,5)] = 35,69 kN/m?

3.3.1.2 Load on timber and coke deck
The load is determined by:

pL = 5-hs(1+ a,), [kN/m],

hs = stowing height of cargo, [m].

hs=3,8m
p. = 5-hs(1+ a,) = 39,14 kN/m?,

3.3.2 Load on inner bottom
3.3.2.1 Inner bottom cargo load

The inner bottom cargo load is determined as follows:
Pps = 9,817+ h(1 + a,), [kKN/m?],

where:
G = mass of cargo in the hold, [t];
V = volume of the hold (hatchways excluded), [m?];
h = height of the highest point of the cargo above the inner bottom, [m].

G=281,5t

V=1223,6m’
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h=3,8m
a, = 1,06 m/s”

ppe = 9812 h(1 +a,) = 5,11 kN/m’

3.3.3 Loads on accommodation and machinery decks
3.3.3.1 Load in accommodation and service spaces
p=351+a,) =721kN/m’
3.3.3.2 Load of machinery deck
p=8(1+a,) =16,47 kN/m’

3.4 Load on tank structures
3.4.1 Design pressure for filled tanks
3.4.1.1 Design pressure for service conditions
The design pressure for service conditions is the greater of the following values:
pr=981-h;-p-(1+a,)+100:p,, [kKN/m?]
or
p1=981:p-[hy-cosg+ (0,3:b+7y)-sing]+ 100 p,, [kKN/m?]
where:
h; = distance of load centre from tank top [m];
@ = design heeling angle for tanks [°];
¢ =tan™! (fbk 'g) "
for = 0,5 for ships with bilge keel;
Sfor = 0,6 for ships without bilge keel;
@ > 20° for hatch covers of holds carrying liquids;
b = upper breadth of tank [m];
y = distance of load centre from the vertical longitudinal central plane of tank [m];
pv = set pressure of pressure relief valve [bar];
pwmin = 0,1 bar during ballast water exchange for both sequential and flow-through method;

pvmin = 0,2 bar for cargo tanks of tankers.

a, = 1,06 m/s’
fo=10,6
o =20°
b=6m
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y=0m
pvmin = 0,1 bar

Fresh water tank in double bottom:
h;=1,05m
p1=981-h;-p-(1+a,)+100-p, =31,74 KN/m?

Roll reduction below wheelhouse deck:
h1=0,9m
p1=981-p-[hy-cosg+ (0,3:b+7y)-sing]+ 100 -p, = 30,22 kN/m?

3.4.1.2 Maximum static design pressure
The maximum static design pressure is calculated by:
Py = 9,81 hy, [kN/m?]
where:
h> = distance of load centre from top of overflow or from a point 2,5 m above tank top,

whichever is greater

For tanks equipped with pressure relief valves and/or tanks intended to carry liquids of a density

greater than 1 t/m>, the head /> is measured to a level at the following distance %, above tank top:
h, =2,5"p,[m]

or

hy, = 9,81 - p, [m], where p,, > 0,25 - p.

Maximum static design pressure:
h=3,55m
p, = 9,81 - h, = 34,83 kN/m’

Water tank in double bottom:
h, = max(2,5-p,9,81-p,) = 1,11 m
p, = 9,81-h, = 10,91 kN/m?

Roll reduction below wheelhouse deck:

h, = max(2,5-p,9,81-p,) = 0,96 m
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p; = 9,81+ h, = 9,44 kN/m’

3.4.2 Design pressure for partially filled tanks
3.4.2.1 Tanks partially filled between 20% and 90% of height
The pressure for tanks which may be partially filled between 20% and 90% of their height, the
design pressure is not to be taken less than given by the following formulae:
a) For structures located within //4 from the bulkheads limiting the free liquid surface in the

ship’s longitudinal direction:

pa=(4-7=) L p -+ 100 p,, [kn/m?],
b) For structures located within 5/4 from the bulkheads limiting the free liquid surface in the

ship’s transverse direction:
pa=(55-2) b~ p-ny +100-p,, [kn/m’],
where:
[; = distance [m] between transverse bulkheads or effective transverse wash bulkheads at the
height where the structure is located;
b; = distance [m] between tank sides or effective longitudinal wash bulkhead at the height

where the structure is located;

4
_1__ X15
le

ny=1- b_t "Y1s
= distance [m] of structural element from the tank’s ends in the ship’s longitudinal
direction;

= distance [m] of structural element from the tank’s sides in the ship’s transverse direction.

;=9 m
bi=24m
x;=1m
y1=0,5m

nx=1—l4—t-x1=0,56

4
ny=1—b—-y1=0,17

pa=(4===) L p-ne+100-p, = 27,33 KN/m’

pa=(55-=) b p-ny +100-p, = 11,85 kN/m’
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3.5 Design values of acceleration components
3.5.1 Acceleration components
Following formulae are used to calculate the acceleration components owing to ship’s motions:

a) Vertical acceleration (vertical to the base line) due to heave and pitch:

a=tag[1+(53- ) (E-045) (%) s

b) Transverse acceleration (vertical to the ship’s side) due to sway, yaw and roll including

gravity component of roll:

a, =+ \/06+25 (2-045) +k-(14+06-k- =) mis?,

c¢) Longitudinal acceleration (in longitudinal direction) due to surge and pitch including

gravity component of pitch:

ay = + agy/0,06 + A2 — 0,254 , [m/s?],
where:

ax, ay, az: = maximum dimensionless accelerations in the related directions x, y and z;

4=(07-—+5-29).2%

1200 L Ch

=(02- F+2)  f
k=132
G M = metacentric height [m];
kmin =1,0;
Cw = wave coefficient;
Cr= length coefficient;

L =not to be take less than 100 m;
f = factor depending on probability level Q outlined in table:

0 f
10°% 1,000
107 0,875
10 0,750
107 0,625
10 0,500

ao :(02 T+3CWCL) f = 0,36 m/s’

A= (07——+5 )—_069

1200 Cp
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GM = 12,95 m

k=13-Y _g42
B

Vertical acceleration:

a,(x) =+ a0J1 +(53- 475)2 (2- 0,45)2 : (?)1’5 , [m/s?],

b

1
0.8
0.6

a,(x)

0.4
0.2

0
0 01 02 03 04 05 06 07 08 09 1

x/L

Transverse acceleration:

2 N
a,(x,94) = + ao\/0,6 +25-(5-045) +k-(1+06-k-Z5) [,

2.885
2.88
2.875
2.87
2.865
2.86
2.855
2.85

a, (x,9,4)

0 010203040506 070809 1
x/L

2 _ N2
a,(L/2,7) = + ao\/0,6 +25-(-045) +k-(1+06-k-Z%)  [mis],
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1.6
1.4
1.2

0.8
0.6
0.4
0.2

a,(L/2, 2)

0 0102 03 04 05 06 07 08 09 1

Longitudinal acceleration:

z/D

a,(z) = + ag,/0,06 + A(z)? — 0,25A(z) , [m/s?],

0.35

0.3

0.25

@ 0.2
w5 0.15
0.1
0.05

0

0 01 02 03 04 05 06 07 08 09

PRINCIPAL DATA

Length

Breath moulded
Depth moulded
Draught moulded
Block coefficient
Vessel design velocity

Density of sea water

4 Longitudinal strength
4.1 General
4.1.2 Definitions

x/L
L =92,7m

B =20m

D =38m

d =2,5m
Cr=0,6

v =10kn

p =1,025t/m’

M; = still water bending moment [kNm];

M,, = vertical wave bending moment [kKNm];
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C. =wave coefficient depending on length;
Fs = still water shear force [kN];
F, = vertical wave shear force [kN];
I, = moment of inertia of the transversal section [cm4];
W = section modulus of transversal section around the horizontal axis [cm3];
S = first moment of the sectional area of the longitudinal members [cm?];
C» = block coefficient;
v =maximum speed of ship at defined shaft revolution and engine power [kn];
k = material factor;
x = distance [m] between aft end of length L and the position considered,

Hio, Hyq = vertical extent of HS steel used in deck bottom [m)].

4.2 Vertical longitudinal bending moments and shear forces

4.2.1 Still water bending moment and shear force

g a1 K3 1 B
¢

" % (| o)

Sign conventions of M and Fs

In this case — LC02 maximum cargo, 612 POB, 100% consumables
M, =38785,3 kNm
Fy =1382,74 kN

4.2.2 Wave bending moment
The vertical wave bending moments at each section along the ship length are given by the
following formulae:
a) hogging condition
M,, = +190M - C,, - L* - B - C;, - 1073, [kNm];
b) sagging condition
M, = —-110M - C,, - L?> - B - (C, + 0,7) - 1073, [kNm]
where:

M = distribution factor determined according to:
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2,5-%, for £ < 0,40
L L
X
M(x) = 1,0, for0,4 < n < 0,65;

X

1__
—L for 2> 0,65
0,35 L

300—L)1'5
100

CW=1Q75—(

C» =not to be taken less than 0,6.

Wave bending moment for ships in limited service conditions may be reduced as follows:
for 40% in navigation area 7 and 8§;
for 30% in navigation area 5 and 6;
for 20% in navigation area 3 and 4;
for 10% in navigation area 2.
Wave bending moment for harbour conditions may be multiplied with coefficient 0,1, and for

conditions of the off-shore terminal with 0,5.

1.2

1

— 0.8
=

?'06

= 04

0.2

0
0 01 02 03 04 05 06 07 08 09 1

x/L

300—-L
100

€, =1075— ( f5=777

C, =0,6

M,, = +190M - C,, - L? - B - C;, - 1073 = 152143,44 kNm, hogging
M, = —110M - C,, - L?> - B - (C, + 0,7) - 1073 = —190846,59 kNm, sagging

Reduction in navigation area:
M,, = 70% (+190M - C,, - L? - B - C, - 1073) = 106 500,41 kNm, hogging

M,, = 70% [-110M - C,, - L?- B - (C, + 0,7) - 1073] = —133 592,61 kNm, sagging

4.2.3 Wave shear force

The wave shear forces at each section along the ship length are given by the following formulae:
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a) positive shear force

F,=+30F,-C,-L-B-(Cy+0,7)-1072, [kN]

b) negative shear force

E,=-30F,-C, L B-(Cp+0,7)-1072, [kN]

where:

F1, F> = distribution factors determined by table:

2

Range Positive shear forces (F7) Negative shear forces (F?2)
x x x
0<-<0,2 5-m-— 4,6 - —
=1 "L L
x
0,2 < I <0,3 m 0,92
X x x
0’3SZ<0'4 4-m—2,1+(7—10-m)-z 1,58—2,2-2
X
04 < I < 0,6 0,7 0,7
x x x
06 <-<0,7 3-——-1,1 49—-6-m +(10-m; —7) - —
L L L
x
0,7 < I < 0,85 1,0 my
where:
_0,92190:Cp |
T 110-(Cp+0,7) ’
190-C
my 2

T 110-(Cp+0,7)

The wave shear forces for harbour and off-shore terminal conditions may be reduced as in 4.2.2.

_0,92:190:Cp,
T 110-(Cp+0,7) 0,733
my; = —=2% = 0,797

"~ 110-(Cp+0,7)

Positive shear forces

1.2

0.8

0.6
0.4
0.2
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Negative shear forces

0.8
0.6
0.4

0.2

0 0.1 0.2 0.3 04 05 06 07 08 085 1

E,(0,5) =+30F,-C,-L-B-(C,+0,7)-1072 = 3930,35 kN, positive shear force
E,(0,5) =-30F,-C,-L-B-(C,+0,7)-1072 = —3930,35 kN, negative shear force

4.3 Bending strength
4.3.2 Section modulus — strength criteria
Hull section modulus is not to be less than the values given by the following formula in way of

0,4L midships for the M, given in 4.2.1 and the M,, given in 4.4.4:

w =Ml 103 fem?),
where:
o = permissible bending stress [N/mm];
(05+3-2). 252 forXZ<o3
3 L k L
for L > 90,0 (x) = % for0,3 <> <07 :

3. (1,3 - f) . 18’5ﬁ, for = > 0,7
3 L k L
k = 1,0 for ordinary hull structural steel;

k <1 for higher tensile steel.

k= 0,72 for steel with ReH = 355 N/mm? (AH36)

o= 1ki5 — 243,06 N/mm

_ |Mg+My,|
Wsagging -

103 = 597 746,9 cm’

Mg +M,y,|

Whogging = - 10 = 390 064,4 om’

4.3.3 Moment of inertia

Moment of inerta of hull section at the midship point is not to be less than:
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L
Imin =3 " Wnin, [Cm4]-

Lin = 3 =+ Wypin = 3,86 - 108 cm*

bl

4.3.4 Minimum midship section modulus
The minimum midship section modulus a deck and keel for ships 90 m < L <500 m is:

Wopin = Cyp - L*-B+-(C, +0,7) - k, [cm?].

Minimum midship section modulus for ships in limited service conditions may be reduced as
follows:

5% for navigation area 2;

15% for navigation area 3;

20% for navigation area 4 and 5;

25% for navigation area 6, 7 and 8.

Winin = Cy - L*-B- (C, +0,7) k=125 - 10° cm?
Wmin,reduced = 80% [Cw -L*-B- (Cb +0,7) - k] = 9,99 - 105 cm?

Section modulus at deck

W, = 3,65 10° cm®

Section modulus at bottom

W, = 1,76 - 10° cm’

Sd - Wmin 3,66
sp = in’n”n =1,77

4.4 Shearing strength
4.4.2 Calculation of shear stresses
For ships without longitudinal bulkheads and with two longitudinal bulkheads the shear stress

distribution in the side shell and in the longitudinal bulkheads is determined by:

_ (Fs+Fy)'S
Iyt

- (0,5 — @) - 102, [N/mm?]
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where:

S = first moment [cm3] of the area of the effective longitudinal members between the
vertical level at which the shear stress is being determined and the vertical extremity of
effective longitudinal members, taken at the section under consideration;

t = thickness of side shell or longitudinal bulkhead plating [mm] at the section considered;

@ = 0 for ships without longitudinal bulkhead;

= where two longitudinal bulkheads are fitted:

for the side shell:
® =0,34—0,08-2;
AL
for the longitudinal bulkheads:
® = 0,16 + 0,08 - 22,
AL

As = sectional area of side shell plating [cm?] within the depth D;
Ay = sectional area of longitudinal bulkhead plating [cm?] within the depth D.

S=5,71-10°cm?

As=5,38 -10° cm?
Ar=9,25-10°cm?

g = 0,34 — 0,08 - 5% = 0,202

L

®p = 0,16 + 0,08 - 25 = 0,298
L
I, = 4,52 -10% cm*

t =14 mm

Fo+Fy) S
Tsspositive = % ' (O:5 - (DSS) -10% = 113,36 N/mm?

Fo+F,)S
Tssnegative = % (0,5 — CDSS) -10% = —95,00 N/mm?

Fo+F,)S
TLB positive = % (0,5 — @.5) - 10 = 106,53 N/mm’

Fs+Fy)S
TLBnegative = ( Iy-t) ) (0,5 - CDLB) ' 102 = —64,63 N/mm2

Tpermissible = % = 152,78 N/mm?

4.5 Additional bending moments
4.5.1 Additional bending moments due to slamming loads in the forebody region
The additional bending moment due to slamming loads in the forebody region is approximately

determined by the following formula:
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Mg =w-L* B-n;-n, ng-M;-107°, [kNm],
where:
w = 1,4 hogging condition,;
w =-2,2 sagging condition;
by —b,

 — > .
= (b—dy) Lng 2 0;

b; = breadth of the uppermost continuous deck [m] at % =0,8;
b, = breadth of the waterline [m] at f =0,8;

d; = draft of the actual loading ballast condition [m];

12
n2=1—%,n2 = 0;
n3 =0,33+ 0,67 - \/_,n3_0
M= distribution factor

(252, for = < 0,4

M, ={10, for04<><038
5(1-%), forZ>08

__bizbp 4 _
™= oy 1=3,69
—_1)2
n,=1- (a45-L)7 _ 1,23
1225

ns = 0,33 + 0,67 -

v
1,64VL 0,55

M;=1
MSL :W'L4'B'n1'n2'n3'M1'10_5 :52033,82 kNm

4.5.3 Design stress oy,

In design hull girder bending stress it calculated by the following formula:

_ [Mg|+0,75: | My |+ Mgy |

- 103, [N/mm?],
w

gy,
where:

W = W or We for deck or bottom according to 4.3.1 [cm?].

__ |Mg|+0,75- | My |+ Mgy |

” - 103 = 285,56 N/mm?

L
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4.6 Buckling strength

4.6.2 Elastic buckling stresses
4.6.2.1 Elastic buckling of plates
4.6.2.1.1 Compression

The ideal elastic buckling stress is given by:

= 0,9 E( 2 )2 N/mm?
9 = U9 ME\ {5000 , [N/mm-T],

a) For plating with longitudinal stiffeners (parallel to compressive stress):

8,4 . .
m=Ur buckling factor 0 <y < 1;

b) For plating with transverse stiffeners (perpendicular to compressive stress):

m=c[1+)7] -

c¢) For same load cases of plates

m given in Table 4.6.2.1-2 and 4.6.2.1-3.

2,1
P+1,1

, buckling factor 0 < ¢ < 1;

where:
E =modulus of elasticity of material [N/mm2];
E =2,06 - 10° N/mm? for shipbuilding steel;
t» = net thickness [mm] of plating, considering standard deductions equal to the values given
in the table 4.6.2.1-1;
b = shorter side of plate panel [m];
a = longer side of plate panel [m];
¢ = correction factor;
¢ = 1,00 for stiffeners sniped at both ends;
¢ = 1,30 when plating stiffened by floors or deep girders;
¢ = 1,21 when stiffeners are angles or T-sections;
¢ = 1,10 when stiffeners are bulb bars;
¢ = 1,05 when stiffeners are flat bars;
w = ratio between smallest and largest compressive g, stress when linear variation across

panel.
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Table 4.6.2.1-1

Structure

Standard
deduction [mm]

Limit values
min-max [mm]

- compartments carrying dry bulk cargoes

one side exposure to ballast and/or liquid cargo
vertical surfaces and surfaces sloped at an angle
greater than 25° to the horizontal line

0,05¢

0,5+1

one side exposure to ballast and/or liquid cargo
horizontal surfaces and surfaces sloped at an angle
less than 25° to the horizontal line

two side exposure to ballast and/or liquid cargo
vertical surfaces and surfaces sloped at an angle
greater than 25° to the horizontal line

two side exposure to ballast and/or liquid cargo
horizontal surfaces and surfaces sloped at an angle
less than 25° to the horizontal line

0,15¢

Table 4.6.2.1-2

Buckling factor

Load case

Buckling factor

Load case
GK

Oy
g B
WOy a YOy

for (a—d,) = (b —dp):
dy b\?
for (a —d,) < (b —dp):

k, = (1 - i—“) [5,34 +4 (2)2]

-G,
% Al Ox Oy
t o 272
m=c 1+(E) 21 % ! EE m = 1,28
Sy y-g, a Y+11 -—--
e | S
9x Ox 2 Oy o,
t 1,333 [0,425 + = ] E 1
___HBHA i (a) E t “:,ji m = 6,97
v l\v-ox Y+ 0,333 "
Vo, \yc:i— GX GX b 4
by? s SR 4-=
B m=[0,425+(5)](1,5—0,5¢) H ' HY m=4+|—9| 274
Oy a Oy
a
*$¢3« ) o, G -
Tt t': i 2 L x 4=
t—+ 3 kt=5,34+4-(5) g = m =697 + a1 .31
T
le_2a f_L,l

72




Table 4.6.2.1-3

Load case Aspect ratio b/R Buckling factor
—< — m= .
R=1 VRt IR
b R b? R%\’
— — =03—=+225|—
R > 1,63 . m RZ + (b : t)

[N/mm?]

b R = 0,267 b* 3 b |t > 0,4 b’
Zs05 12 m=0eiy RR|= "Rt
R t
b R 06:b VR-t R-t
R t VR -t b "~ p2
b2 R2 2
b IR m=03—+0291<—>
—> — 4 2 4 .
m=kt\/§
b R os
§S8,7 7 S PO 0,67 - b3]”
t— ’ (R.t)l,s
b>87\/; 2
5 >87 |+ k, = 0,28 -
R t ‘ RVR -t
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Plate p21 22 Y1 Y2 oa, h | 6a2,h | 0358 022, S w C1 C2 m t oe oc oc>poa
1 | 0,000 | 0,000 |2,563 |2,563 | 82,36 | 82,36 | -53,75 | -53,75 | 1,00 | 1,21 | 1,05 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
2 | 0,000 | 0,000 |2563]|2563| 8236 | 82,36 | -53,75 | -53,75 | 1,00 | 1,05 | 1,05 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
3 0,000 | 0,000 |2,563 | 2,563 | 82,36 | 82,36 | -53,75 | -53,75 | 1,00 | 1,05 | 1,05 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
4 0,000 | 0,000 |2,563 | 2,563 | 82,36 | 82,36 | -53,75 | -53,75 | 1,00 | 1,05 | 1,05 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
5 | 0,000 | 0,000 |2,563]|2563| 8236 | 82,36 | -53,75 | -53,75 | 1,00 | 1,05 | 1,21 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
6 0,000 | 0,000 | 2,563 | 2,563 | 82,36 | 82,36 | -53,75 | -53,75 | 1,00 | 1,21 | 1,05 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
7 | 0,000 | 0,000 | 2563|2563 | 82,36 | 82,36 | -53,75 | -53,75 | 1,00 | 1,05 | 1,05 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
8 | 0,000 | 0,000 |2,563|2563| 82,36 | 82,36 | -53,75 | -53,75 | 1,00 | 1,05 | 1,05 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
9 0,000 | 0,000 | 2,563 | 2,563 | 82,36 | 82,36 | -53,75 | -53,75 | 1,00 | 1,05 | 1,05 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
10 | 0,000 | 0,006 | 2,563 | 2,557 | 82,36 | 82,17 | -53,75 | -563,62 | 1,00 | 1,05 | 1,21 | 4,00 | 10,5 | 227,368 | 1742781 | TRUE
11 | 0,006 | 0,090 | 2,557 | 2,473 | 82,17 | 79,47 | 53,62 | 51,86 | 0,97 | 1,21 | 1,05 | 4,06 | 10,5 | 230,724 | 175.1613 | TRUE
12 | 0,090 | 0,291 | 2,473 2,272 | 79,47 | 73,01 | -51,86 | -47,64 | 092 | 1,05 | 1,1 | 416 | 105 | 236,259 | 1765631 | TRUE
13 | 0,291 | 0,624 | 2,272 {1,939 | 73,01 | 62,31 | -47,64 | -40,66 | 0,85 | 1,1 | 1,1 | 430 | 10,5 | 244,156 | 1784531 | TRUE
14 | 0,624 | 1,023 | 1,939 | 1,540 | 62,31 | 49,49 | -41,67 | 41,67 | 0,79 | 1,1 | 1,1 | 443 | 105 | 251,787 | 180.167 | TRUE
15 | 1,023 | 1,421 | 1,540 | 1,142 | 49,49 | 36,70 | -41,67 | -41,67 | 0,74 | 1,1 | 1,1 | 456 | 10,5 | 258,988 | 181.6915 | TRUE
16 | 1,421 | 1,820 | 1,142 | 0,743 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
17 | 1,820 | 2,426 | 0,743 | 0,137 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
18 | 2,426 | 3,188 | 0,137 | 0,625 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 10,5 | 227,15 | 1742103 | TRUE
19 | 3,188 | 3,800 | 0,625 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,21 | 4,00 | 10,5 | 227,115 | 1742103 | TRUE
20 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | -41,67 | -41,67 | 1,00 | 1,21 | 1,1 | 400 | 8 | 131,840 | [31.84 TRUE
21 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,840 | 131.84 TRUE
22 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | 41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,840 | 131.84 TRUE
23 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | 41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,840 | 31.84 TRUE
24 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | -41,67 | -41,67 | 1,00 | 1,1 | 1,21 | 4,00 | 8 | 131,840 | 131.84 TRUE
25 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | -41,67 | -41,67 | 1,00 | 1,21 | 1,1 | 400 | 8 | 131,840 | 131.84 TRUE
26 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,840 | 131.84 TRUE
27 | 1,050 | 1,050 | 1,513 | 1513 | 48,62 | 48,62 | 41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,840 | 131.84 TRUE
28 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,840 | 31.84 TRUE
29 | 1,050 | 1,050 | 1,513 | 1,513 | 48,62 | 48,62 | -41,67 | -41,67 | 1,00 | 1,1 | 1,21 | 4,00 | 8 | 131,840 | 131.84 TRUE
30 | 0,000 | 1,050 | 2563|1513 | 82,36 | 48,62 | 53,75 | -31,73 | 0,59 | 1,3 | 1,3 | 4,97 | 12 | 368,535 | 1975375 | TRUE
31 | 0,000 | 1,050 | 2563|1513 | 82,36 | 48,62 | 53,75 | -31,73 | 0,59 | 1,3 | 1,3 | 4,97 | 12 | 368,535 | 1975375 | TRUE
32 | 0,006 | 1,050 |2557 | 1,513 | 82,17 | 48,62 | 53,62 | -31,73 | 059 | 1,3 | 1,3 | 497 | 12 | 368234 | 1975063 | TRUE
33 | 1,050 | 1,750 | 1,513 | 0,813 | 48,62 | 26,13 | -41,67 | -41,67 | 054 | 1,3 | 1,1 | 513 | 7 | 129,462 | 1294622 | TRUE
34 | 1,750 | 2,450 | 0,813 | 0,113 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 7 |100940 | 100.94 TRUE
35 | 2,450 | 3,200 | 0,113 | 0,637 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 7 | 100,940 | 100.94 TRUE
36 | 3,200 | 3,800 | 0,637 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 1 1,3 | 400 | 10 | 206,000 | 1679794 | TRUE
37 | 3,200 | 3,800 |0,637 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,3 | 400 | 10 | 206,000 | 1479794 | TRUE
38 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,21 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
39 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
40 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
41 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
42 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
43 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
44 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
45 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
46 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
47 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | 41,67 | -41,67 | 1,00 | 1,1 | 1,21 | 400 | 9 | 166,860 | 166.86 TRUE
48 | 3,800 | 3,800 |1,237 | 1,237 | 41,67 | 41,67 | -41,67 | -41,67 | 1,00 | 1,21 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
49 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | 41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
50 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | 41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
51 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | 41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
52 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | 41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
53 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | 41,67 | -41,67 | 1,00 | 1,1 | 1,1 | 400 | 9 | 166,860 | 166.86 TRUE
54 | 3,800 | 3,800 | 1,237 | 1,237 | 41,67 | 41,67 | 41,67 | -41,67 | 1,00 | 1,1 | 1,3 | 400 | 9 | 166,860 | 166.86 TRUE
55 | 3,800 | 4,500 | 1,237 | 1,937 | 41,67 | 62,25 | 41,67 | -41,67 | 067 | 1,3 | 1,1 | 475 | 8 | 156,469 | 133.3348 | TRUE
56 | 4,500 | 5,200 | 1,937 | 2,637 | 62,25 | 84,74 | 4167 | -5530 | 0,73 | 1,1 | 1,1 | 458 | 7 | 115546 | 1155457 | TRUE
57 | 5,200 | 5,900 | 2,637 | 3,337 | 84,74 [ 107,23 | 55,30 | -69,98 | 0,79 | 1,1 | 1,1 | 444 | 7 |112142 | 112.1419 | TRUE
58 | 5900 | 6,600 | 3,337 | 4,037 | 107,23 [ 129,73 | -69,98 | -84,66 | 083 | 1,1 | 1,1 | 436 | 7 | 110,025 | j10.0247 | TRUE
59 | 6,600 | 7,300 | 4,037 | 4,737 | 129,73 | 152,22 | -84,66 | -99,33 | 0,85 | 1,1 | 1,1 | 430 | 7 | 108,581 | 108.5806 | TRUE
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Plate p21 22 Y1 Y2 oa, h | 6a2,h | 0358 022, S w C1 C2 m t oe oc oc>poa
60 | 7,300 | 8,000 | 4,737 | 5437 |152,22 [ 174,72 | -99,33 |-114,01 | 087 | 1,1 | 1,1 | 426 | 7 | 107,533 | 1075306 | TRUE
61 | 8,000 | 8,700 | 5,437 | 6,137 | 174,72 | 197,21 | -114,01 | -128,69 | 0,89 | 1,1 | 1,1 | 423 | 8 | 139,412 | 1394122 | TRUE
62 | 8,700 | 9,400 | 6,137 | 6,837 | 197,21 | 219,71 | -128,69 | -143,37 | 0,90 | 1,1 | 1,3 | 421 | 8 | 138597 | 1385972 | TRUE
63 | 8,830 | 9,450 | 6,267 | 6,887 | 201,39 | 221,31 | -131,42 | -144,42 | 0,91 1 1,3 | 418 | 8 | 137,745 | 137745 | FALSE
64 | 8,830 | 9,450 | 6,267 | 6,887 | 201,39 | 221,31 | -131,42 | -144,42 | 0,91 | 1 1,3 | 418 | 8 | 137,745 | 137745 | FALSE
65 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 13 | 1,1 | 400 | 6 74,160 74.16 FALSE
66 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 1.1 | 400 | 6 | 74,160 74.16 FALSE
67 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 1,1 | 400 | 6 74,160 74.16 FALSE
68 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 1,21 | 400 | 6 74,160 74.16 FALSE
69 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,21 | 1,1 | 400 | 6 | 74,160 74.16 FALSE
70 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 1,1 | 400 | 6 74,160 74.16 FALSE
71 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 1,1 | 400 | 6 74,160 7416 FALSE
72 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 11 | 400 | 6 | 74,160 74.16 FALSE
73 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 1,1 | 400 | 6 74,160 74.16 FALSE
74 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 1.1 | 400 | 6 | 74,160 74.16 FALSE
75 | 9,450 | 9,450 | 6,887 | 6,887 | 221,31 | 221,31 | -144,42 | -144,42 | 1,00 | 1,1 | 1,21 | 400 | 6 74,160 74.16 FALSE
76 | 9,441 | 9,450 | 6,878 | 6,887 | 221,02 | 221,31 | -144,23 | -144,42 | 1,00 | 1,21 | 1,1 | 400 | 8 | 131,922 | 131.9201 | FALSE
77 | 9432 | 9,441 | 6,869 | 6,878 | 220,74 | 221,02 | -144,04 | -144,23 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,922 | 1319200 | FALSE
78 | 9,423 | 9,432 | 6,860 | 6,869 | 220,45 | 220,74 | -143,85 | -144,04 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131922 | 1319203 | FALSE
79 | 9,415 | 9,423 | 6,852 | 6,860 | 220,19 | 220,45 | -143,69 | -143,85 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,913 | 1319133 | FALSE
80 | 9,407 | 9,415 | 6,844 | 6,852 | 219,93 | 220,19 | -143,52 | -143,69 | 1,00 | 1,1 | 1,1 | 400 | 8 | 131,913 | 1319133 | FALSE
81 | 9,400 | 9,407 | 6,837 | 6,844 | 219,71 | 219,93 | -143,37 | -143,52 | 1,00 | 1,1 | 1,3 | 400 | 8 | 131,904 | 1371.9042 | FALSE
82 [11,800 | 12,250 | 9,237 | 9,687 | 296,83 | 311,29 | -193,70 | -203,24 | 0,95 | 1 1,3 | 409 | 7 |103223 | 1032234 | FALSE
83 | 11,800 | 12,200 | 9,237 | 9,637 | 296,83 | 309,69 | -193,70 | -202,09 | 0,96 | 1 1,3 | 408 | 7 |102975 | 100.9266 | FALSE
84 | 11,800 | 12,250 | 9,237 | 9,687 | 296,83 | 311,29 | -193,70 | -203,14 | 0,95 | 1 1,3 | 409 | 7 |103,223 | 101.2488 | FALSE
85 | 12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | -203,14 | 1,00 | 1,3 | 1,1 | 400 | 6 74,160 | 4883158 | FALSE
86 | 12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | -203,14 | 1,00 | 1,1 | 1,1 | 400 | 6 74,160 | 4883158 | FALSE
87 12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | -203,14 | 1,00 | 1,1 | 1,1 | 4,00 6 74,160 | 4883158 | FALSE
88 | 12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | -203,14 | 1,00 | 1,1 | 1,21 | 400 | 6 74,160 | 4883158 | FALSE
89 | 12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | -203,14 | 1,00 | 1,21 | 1,1 | 400 | 6 74,160 | 4883158 | FALSE
90 |[12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | -203,24 | 1,00 | 1,1 | 1,1 | 400 | 6 | 74,160 | 4883158 | FALSE
91 | 12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | 203,14 | 1,00 | 1,1 | 1,1 | 400 | 6 | 74,160 | 4883158 | FALSE
92 [12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | 203,14 | 1,00 | 1,1 | 1,1 | 400 | 6 | 74,160 | 4883158 | FALSE
93 | 12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | -203,14 | 1,00 | 1,1 | 1,1 | 400 | 6 74,160 | 4883158 | FALSE
94 |12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | 203,14 | 1,00 | 1,1 | 1,1 | 400 | 6 | 74,160 | 4883158 | FALSE
95 |12,250 | 12,250 | 9,687 | 9,687 | 311,29 | 311,29 | -203,14 | -203,14 | 1,00 | 1,1 | 1,21 | 400 | 6 74,160 | 4883158 | FALSE
96 | 12,241 (12,250 | 9,678 | 9,687 | 311,00 | 311,29 | -202,95 | -203,14 | 1,00 | 1,21 | 1,1 | 400 | 6 74,193 | 4891394 | FALSE
97 |12,232|12,241 | 9,669 | 9,678 | 310,71 | 311,00 | -202,76 | 202,95 | 1,00 | 1,1 | 1,1 | 400 | 6 | 74,193 | 4891402 | FALSE
98 | 12,224 (12,232 | 9,661 | 9,669 | 310,46 | 310,71 | -202,59 | -202,76 | 1,00 | 1,1 | 1,1 | 400 | 6 74,189 | 4890493 | FALSE
99 | 12,215 | 12,224 | 9,652 | 9,661 | 310,17 | 310,46 | -202,40 | 202,59 | 1,00 | 1,1 | 1,1 | 400 | 6 | 74193 | 4891417 | FALSE
100 | 12,207 | 12,215 | 9,644 | 9,652 | 309,91 | 310,17 | -202,23 | -202,40 | 1,00 | 1,1 | 1,1 | 400 | 6 | 74,189 | 4890506 | FALSE
101 | 12,200 | 12,207 | 9,637 | 9,644 | 309,69 | 309,91 | -202,09 | -202,23 | 1,00 | 1,1 1 | 400 | 6 74,186 | 48.89593 | FALSE
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5. Shell plating
5.1 General
5.1.2 Definitions
Following definitions are used:
k = material factor;
ps = load on bottom [kN/m?] according to 3.2.3;
ps = load on sides [kN/m?] according to 3.2.2.1;
pe = design pressure for the bow area [kN/m?] according to 3.2.2.2;
pst. = design slamming pressure [kN/m?] according to 3.2.4;
n; = 1,0 for transverse framing;
n; = 0,83 for longitudinal framing;
o = maximum hull girder bending stress [N/mm?] for calculating stress and for fatigue

analysis at the considered station is given by the following formula:

_ IMsl+0,75 - My |+|IMsy|
w

o, - 103, [N/mm?]
where:
W = Waor W section modulus at deck or bottom [cm?];
7, = maximum design shear stress due to longitudinal hull girder bending [N/mm?]
where the wave shear force may be taken as 0,75F),;

a0p = permissible design stress [N/mm?];

- L ].230 )
Gaop =08+ |- Z2for L < 90 m;

230
Tdop = =~ for L = 90 m;

tx = corrosion addition [mm];

tr =1,5mmfort < 10 mm;

e = % + 0,5 [mm], max. 3,0 mm, for ¢ > 10 mm.

L =92,635m

k =0,72

ps = 38,62 kKN/m?
ps = 34,36 KN/m?

O_L — |MS|+0,75-V|VMW|+|MSL| . 103 — 155,84‘ N/mm2

Ouop = == = 319,44 N/mm’

n; =0,83
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s =0,6m

5.2 Bottom plating

5.2.1 Plating within 0,4 L amidships
5.2.1.1 Ships of L>90 m

The thickness of the bottom plating is not to be less than the following two values:
tl = 18,3 nNy-S- \/ZE + tk, [mm],
t, =1,21-s-\pg-k+tg, [mm],

where:

Oq = /ajop —3:7t2-10,89 " 0;, [N/'mm?];

o, = % [N/mm?] for L > 90 m;
7z =0;

s = stiffener’s spacing [m].

5.2.2 Critical plate thickness
For ships, for which proof of longitudinal strength is carried out, the thickness is not to be less
than:
tirie = €1 2,325 o, + ty, [mm],
where:

¢ = 0,5 for longitudinal framing;

1 )
¢; = ———— for transverse framing;
I = Q5ad)e g

o. = aspect ratio of plate panel considered;

~1t

(44

5

¢ =according to 4.6.2.1.1;

¢ =0,1 for longitudinal framing;
o1 = according to 5.1.2;

s = stiffener’s spacing [m].

)

= larger side of panel [m].
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Plate | ti [mm] | t2[mm] | t[mm] | twit[Mm] | chosen thickness [mm]
1 6,029 5,566 1,737 10,426 10,5
2 6,029 5,566 1,737 10,426 10,5
3 6,029 5,566 1,737 10,426 10,5
4 6,029 5,566 1,737 10,426 10,5
5 6,029 5,566 1,737 10,426 10,5
6 6,029 5,566 1,737 10,426 10,5
7 6,029 5,566 1,737 10,426 10,5
8 6,029 5,566 1,737 10,426 10,5
9 6,029 5,566 1,737 10,426 10,5

10 6,028 5,566 1,737 10,426 10,5
11 6,017 5,566 1,737 10,426 10,5
12 6,000 5,566 1,737 10,426 10,5
13 5,977 5,566 1,737 10,426 10,5
14 5,957 5,566 1,737 10,426 10,5
15 5,939 5,566 1,737 10,426 10,5

Chosen thickness:

t=10,5 mm

5.2.6. Minimum thickness
At no point the thickness of the bottom shell plating is to be less than:

tmin = VL k [mm] for L = 50 m,

or 16,0 mm, whichever is less.
tmin = VL -k = 8,17 mm

5.3 Side shell plating

5.3.1 Side shell plating within 0,4L amidships

5.3.2. Ships of L >90 m

The thickness of the side shell plating is not to be less than the greater of the two following

values:
_ ,Ps
t1 = 18,3 *ny-S- 0__ + tk, [mm],
a

t, =121 s-\/ps-k + t, [mm],

where:

Of = /oﬁop —3-72-0,89 05, [N/'mm?];

ors =0,76 - o1
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o, = % [N/mm?] for L > 90 m;

T = 5k_5 [N/mm?].

Side shell plating (Plate 16-19):
t1:18,3'n1'5'\/§+tk:5,42mm

t, =121-s-\/ps k+t, =511 mm

t =1,5mm

Chosen thickness:

=8 mm

5.3.4 Sheerstrake

The width of the sheerstrake is not to be less than:
b =800+5"L, [mm],

and not be greater than:

Bz = 1800 mm.
b=2800+5"L=1263,18 mm

5.6 Bulwark
5.6.1 The thickness of bulwark plating is not to be less than:

L
1000

t = [0,75 - ] -, [mm], for L < 100 m.

L
1000

t=[0,75— ]'\/Z=6,33mm

79




6 Decks
6.1 Strength deck
The strength deck is:
- the uppermost continuous deck which is forming the upper flange of the hull structure,
- asuperstructure deck which extends into 0,4L amidships and the length of which exceeds
0,15L,

- aquarter deck or the deck of a sunk superstructure which extends into 0,4 amidships.

Strength deck = Passenger deck
k =0,72
pp= 11,56 kN/m?
pr =39,12 kN/m?
tk =1,5
s =0,6

6.1.6 Minimum thickness
The thickness of deck plating for 0,4L amidships outside line of hatchways is not to be less than

the greater of the two following values:
tmin = (0,45 + 0,05 - L) - Vk, [mm],

or

tO,lL = 1,21 S \/Pp- k+ tk, [mm]

tmin = (0,45 + 0,05 - L) - Vk = 7,75 mm

tO,lL = 1,21 S \/Pp" k+ tk = 3,59 mm

tmin > tO,lL
Chosen thickness = 8,00 mm

6.2 Lower decks

6.2.1 Thickness of decks for cargo loads

The plate thickness of decks loaded with cargo is not to be less than:
t=11-s-\/p, -k +t;, [mm],

but not less than:
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tmin = (5,5 + 0,02 - L) - Vk, [mm], for the second deck;

tmin = 6,0 mm for other lower decks.

t=11-s-\/p, k+t,=>500mm
tmin = (5,5 + 0,02 - L) -Vk = 6,24 mm
tmin > t

Chosen thickness = 8,00 mm

6.2.2 Thickness of decks for wheel loading
The thickness of deck plating for wheel loading is to be determined by:

t=c-\/P-(1+a,) k+tg, [mm],
where:

P =1load [kN] of one wheel or group of wheels on a plate panel u - v;
P = kN

O = axle load [kN];

n =number of wheels (or groups of wheels) per axle;

a, = according to 3.3.1.1;

ay = 0 for harbour conditions;

¢ = factor according to:

1,87 — /f-[34—445] for0 < 2 <03
E:1 c= ) A ) ) A: A )

1,20 040af O3<a<10
) ) A’Or’ _A_ )

2,00 — /E-[52—723] for0 <2 <03
E>2’5 c= ) A ) ) AI A )
v

120 — 0,517 2 for 0,3 < < < 1,0
) -y, Z,Ol" ) _Z_ )

where:
a = print area of wheel or group of wheels;
A = area of plate panel u - v (not taken greater than 2,5 - v°)
v = width of smaller side of plate panel;

u = width of larger side of plate panel.

u =3
v =0,6
A =18
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a =4,075

> e

=2,26

Tank top:

u=237,08

v =12,00

Aower = U - v = 444,96
= 0,011

= 3,09

N <RI x>

5 v2 =360

¢ =2,00— \/% [5,2 ~72 %] - 1,76

p=%=57s5
n

t=c-yP-(1+a,) k+t,="756mm
Chosen thickness = 8,00 mm

Main deck:
u=20,00
v =12,00
Ajower = u-v = 240,00

£=0,017

A

=167

v

2,512 =360

¢, =187 — J% [3,4 - 4,4%] = 1,63

a

¢, = 2,00 — \/% [5,2 —72 Z] = 1,71

(Cz—C1)'(%—1)
1,5

5,75

c=c = 1,67

p=2

n

t=c-P-(1+ay)-k+t;, =844 mm
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Chosen thickness = 9,00 mm

6.2.3 Machinery decks and accommodation decks
The thickness of the plates is not to be less than:
t=11-s-p-k+t, [mm],

tm[n = 5,00 mm.

t=11-s-\/p-k+t, =563mm
tmin = 5,00 mm

t > thin
Chosen thickness = 6,00 mm

7 Bottom structures
7.2 Double bottom
7.2.2 Centre girder
Depth and thickness of the centre girder are determined as follows:
a) The depth of the centre girder is not to be less than:
hgp = 350 + 45 - B, [mm],
hpmin = 600,0 mm:
where longitudinal wing bulkheads are fitted, the distance between bulkheads may be
taken instead of B, not less than 0,8 - B.
b) The thickness of the centre girder is not to be less than:

- within 0,7L amidships:

h h
t="e. [ﬁé + 1,0] -k, [mm], for hg < 1200 mm;

h h
r="t. [24 + 3,0] - VK, [mm], for hgy > 1200 mm;

where:

h, = depth of centre girder as built [mm] where h, > hy;

h
Zdb <1,0;
h

a

- 0,15L at the ends:
t; =09-t, [ mm];
where:
t = thickness within 0,7L amidships [mm)].
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hppin = 600 mm
h, = 1100 mm

t="2. [22 4 1 0]k = 9,66 mm

h, L100
Chosen size = 1050 x 12 mm

7.2.3 Side girders
The thickness of the side girders is not to be less than:

2
hap
120-hg

t= -k, [mm].

_ _hd _
t= 20h, Vk = 7,36 mm

Chosen size =950 x 10,5 mm

7.2.4 Inner bottom
The thickness of the inner bottom plating is not to be less than:
t=11-s-p k+tg, [mm],
where:
p = design pressure [kN/m?] which is greater than the following values:
p1 =10 (d — hgp);
p> = 10 - h where the inner bottom forms a tank boundary;
p3 = ppp according to 3.3.2.1;
h = distance from top of overflow pipe to inner bottom [m];

hap= double bottom height [m].

py =10 (d — hy,) = 14,30 kN/m?
p, =10 -h = 27,50 kN/m?
ps = 5,11 kN/m?

t=11-s-\p-k+t, =744 mm

Chosen size = 8,0 mm
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7.2.6 Double bottom, transverse framing system

7.2.6.2.1 The thickness of plate floors is not to be less than:
t, =t — 2,0 Vk, [mm];
tmax = 16,0 mm;

where:

t = thickness of centre girder according to 7.2.2.2.
t, = t—2,0-Vk= 7,96 mm

Chosen size = 8,0 mm

7.2.6.2.2 The sectional area of the plate floors is not to be less than:
Ay=fi-d-1-s-(1-22) k, [eon’];
where:
s = spacing of plate floors [m];
[ = span between longitudinal bulkheads [m], if any;
[ = B, if longitudinal bulkheads are not fitted;
b; = distance between supporting point of the plate floor (ship’s side, longitudinal bulkhead)
and the section considered [m]; not to be taken greater than 0,4 - /;
f1 =0,5 for spaces which may be empty at full draught;
f1 =0,3 elsewhere;

k = material factor.

A

wmin = o d-Ls-(1=222) -k = 0,19 cm?

7.2.6.3 Bracket floors

The section modulus of bottom and inner bottom frames is not to be less than:
W=e- f,-s-1?p-k, [cm?];

where:
p = design load [kN/m?] as follows:

for bottom frames: p = pp;

for inner bottom frames (the greater value is to be used):
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b = Ppba>
P = P10 P2;
p=10-(d — hap);
hap= double bottom height [m];
e =044 ifp =p,;
e =0,55ifp = p, orppg;
e =0,70 if p = pg;
f> = 0,60 where struts are provided at é;

f> =1,0 elsewhere;

[ =unsupported span [m] disregarding struts, if any.

ps= 39,84 kN/m?
pos = 39,12 kN/m?
p =14,30 kN/m?

e =07
=10
[ =30

Wpin=¢€"fo"s1?2p-k =108,43 cm?

7.2.6.5 Struts
The cross sectional area of the struts is to be determined according to 9.3.2. The design force is

to be taken as the following value:

P=05"p-s-1,[kN].
P=05p-s-1=3586kN

7.2.8 Design loads, permissible stresses for direct calculations
7.2.8.2 Permissible stresses
7.2.8.2.1 Equivalent permissible stress, ery

The equivalent stress is not to exceed the following value:

230
Ockv = Ta [N/mm2]9

Ocky = /0% + 0% — 0 " 0, + 3 - 72, [N/mm?],
where:

ox = stress in the ship’s longitudinal direction [N/mm?];
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o, = 0y, + o, [N/mm?];

o = design hull girder bending stress [N/mm?];

o1 = bending stress [N/mm?] due to the load p in longitudinal direction, in longitudinal
girders;

ox = 0 for webs of transverse girders;

o, = stress in the ship’s transverse direction [N/mm?];

0y = 0, [N/mm?];

o: = bending stress [N/mm?] due to load p in transverse direction, in transverse girders;

oy = 0 for webs of longitudinal girders;

v = shear stress in the longitudinal girders or transverse girders due to load p [N/mm?].

0, = 0, + 0, = 282,18 N/mm?
oy = 0 = 35,67 N/mm’

T = 68,29 N/mm?

Oeky = AJ0OZ + 02 — 0 - 0, + 3 - T2 = 291,24 N/mm?

Oeiy = == = 319,44 N/mm’

8 Framing system
8.1 Transverse framing
8.1.1.2 Definitions
S = spacing of web frames [m];
s = spacing of frames [m];
[ = unsupported span [m];
Imin = 2,0 m;
lr1, lr2 = length of lower/upper bracket connection at main frames within the length / [m];
ps = load on ship’s sides [kN/m?];
pe = load on bow structures [kN/m?];
pr = ‘tween deck load [kN/m?];
pi = pressure [kN/m?];
f = factor for curved frames;
f=10-2-5
fmin =0,75;

e = max. height of curve [m].
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S=3,0m
s=0,6m
Imin=2,0 m
lr1=0,35m
li2=0,35m

ps = 38,62 kN/m?
pe = 48,38 kN/m?
pr =39,12 kN/m?
p1 =30,22 kN/m?

8.1.2 Main frames
The section modulus of the main frames including end attachments is not to be less than:

W=n-cs-1?pgf-k,[cm’]],

where:
n =09-0,0035-L, for L > 100 m;
n =0,55;
¢ =1,0 = (lx; + 0,45 Iiy);
cmin = 0,65.

n=09-00035-L=0,58

¢ =1,0— (L + 0,45 - L) = 0,65
[=2,15m

Wpin=n-c-s-12-ps-f-k =21,65cm’

Chosen size = T550 x 10, 150 x 10

8.1.2.2 Frames in tanks
The section modulus of frames in tanks or in hold spaces for ballast water is not to be less than
the greater of the following values:
Wy=n-c-s-1?2p - f-k,[cm?],
or

W, =0,44-5-1%p, -k, [cm’].

Wy=n-c-s-1?p;-f k=1694cm’

W, =044-s-1?p; -k = 26,55 cm’
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Chosen size: T400 x 10, 150 x 15

8.1.3 Tween deck and superstructure frames

The section modulus of the ‘tween deck and superstructure frames are not to be less than:
W =055"s-12-p-f-k,[em’],

where:

pon=0.4-py - (2)’, leN/m?);

b =unsupported span of the deck beam below the respective ‘tween deck frame [m].

Main deck — Passenger deck:
[=4,8m
p = 4,25 kN/m?
W=055"s-1?p-f-k=17,43 cm’

Chosen size = T400 x 10, 250 x 15
Passenger deck — Sun deck:

[=2,4m

p = 15,65 kN/m?

W=055"s-1>p-f-k=16,06cm’

Chosen size =T150 x 7, 100 x 10

8.2 Bottom, side-and deck longitudinals, side transverses

8.2.2 Definitions
p =load [kN/m?];
p = pa for bottom longitudinals;
p = ps for side longitudinals;
p = pi for longitudinals at deck and at ship’s sides, at longitudinal bulkheads and inner

bottom in way of tanks;
p = not to be taken less than p; — [10 - d,pi, — Po - Cr] for bottom longitudinals in way of

tanks;

z

p =not to be taken larger than p; — [10 “(dmin —2) — Do " Cp * (1 + )] for side

dmin
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longitudinals below din,

p = pa for side and deck longitudinals as well as for horizontal stiffeners of longitudinal
bulkheads in tanks which may be partially filled;

p = pps for inner bottom longitudinals, however, not less than the load corresponding to the
distance between inner bottom and deepest load waterline;

p = p. for longitudinals of cargo decks and for inner bottom longitudinals;

op = maximum normal stress oz, due to longitudinal hull girder bending [N/mm?] in the
strength deck level at side;

o = maximum normal stress ¢z, due to longitudinal hull girder bending [N/mm?] in the
bottom;

OD = OLmax,

o = 0,8 * OLmax,

z = distance [m] above base line;

m =m{ —mj;

mi=1-Y, [IT" (sin ak)z]

Ir = according to Figure 8.2.2 [m];

ok = according to Figure 8.2.2 [°];

m>=0,204° [4 - G)Z]

P L e

N4

Ly
g
—

Figure 8.2.2

8.2.3 Scantling

The section modulus and shear area of longitudinals and longitudinal beams of the strength deck

is not to be less than:

83,3
W, = m-s- 1% p, [em’],
Odop

A, =(1-0817-m,) 0,05 s-1-p-k, [cm?].

The permissible stress oo 1s to be determined according to:

- below the neutral axis of the respective cross section:
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O'B+0'D

Ogop =0t —0g+2° , [N/mm?];

- above the neutral axis of the respective cross section:

0'B+0'D

Ogop = 0r + 0 —Z* , [N/'mm?];

Udop = [N/ m ]

(08+E) 230 IN/mm?];

23
Otmax = Ta [N/ mmz]-

pb= 36,13 kN/m?
ps = 38,62 kKN/m?
p1=131,74 kN/m?

Otmax = — = 319,44 N/mm’
150 )
O-dop S T i O-dop S 208,33 N/mm

05 = 0,8 Oppay = 228,45 N/mm?
O = Opmax = 285,56 N/mm2

Zneutral = 2,563 m

m=1-Y [lTk (sin ak)z] =0,75
m, = 0,204%[4 - (%)2] = 0,16
2

m=m? —m35 = 0,54

Bottom longitudinals:

Ogop = — = 208,33 N/mm?

83,3

w, = mslzp 42,05 cm?

Odop

A =(1-0817-m,):0,05-s-1-p-k =2,03cm?
Chosen size = HP160 x 7

Bilge strake longitudinals:

op+0p

Ogop = 0 —Op + 22— — = 158,63 N/mm?

83,3

w, = ‘m-s-12-p=5953cm’

Odop
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A =(1-0817-m,):0,05-s-1-p-k = 3,50 cm?
Chosen size = HP140 x 7

Tank top longitudinals:

Ouop = = = 208,33 N/mm’

w, = 833 m-s-1?p=3694cm’

Odop

A, =(1-0817-m,)-0,05-s-1l-p-k = 1,79 cm?
Chosen size = HP120 x 7

Main deck longitudinals:

Ouop = = = 208,33 N/mm’

83,3
W, =

‘m-s-1?-p=5631cm’

Odop

A =(1-0817-m,) 0,05 s-1-p-k = 2,72 cm?

Chosen size = HP200 x 9

Passenger deck longitudinals:

Oaop = O¢ + 05 — 2~ =22 = 174,03 N/mm’
W, =22 m.5-12.p = 16,10 cm®
Odop

A, =(1-0817-m,)-0,05-s-1l-p-k =0,65cm?
Chosen size = HP100 x 6
Side longitudinals (Main deck — Passenger deck):

Guop = = = 208,33 N/mm’

83,3

w, = ‘m-s-12-p= 2399 cm’

Odop

A, =(1-0817-m,) 0,05 s-1-p-k =116 cm>

Chosen size = HP100 x 6
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9 Supporting deck structures
9.1 General
9.1.1 Definitions
k = material factor;
[ =unsupported span [m];
b = width of deck supported [m];
p =deck load pp, pp4 or pr [kKN/m?];
f =0,55;
f =0,75 for beams, girders and transverses which are simply supported on one or both ends;
P, = pillar load;
P, =p-A+ P [kN];
A =load area for one pilar [m?];
P; =load from pillars located above the pillar considered [kN];

Au = degree of slenderness of the pillar;

Ly
Ay =75

lu
[, = length of the pillar [cm];

ix = radius of gyration of the pillar [cm];

. 1
ly = ’ﬁ [cm];

I, = moment of inertia of the pillar [cm*];
Ay = sectional area of the pilar [cm?];

i, = 0,25-d, for solid pillars of circular cross section;

iy =025 \/m for tubular pillars;
dy = pillar diameter [cm];

d.»= outside diameter of pillar [cm];

duw~ inside diameter of pillar [cm];

m>= factor according to 8.2.2.

9.1.2 Permissible stresses
Where the scantlings of girders not forming part of the longitudinal hull structure, or of
transverses, deck beams, etc. are determined by means of strength calculations the following

stresses are not to be exceeded:

150

Op == [N/mm?];
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T = %, [N/mm?];

Oory = Va2 + 372 = 222 [N/mm?].

T:
0y = —* = 208,33 N/mm’

_ 100

T=——= 138,89 N/mm?

Oery = Vo2 + 372 = 318,23 N/mm?

9.2 Deck beams, longitudinals and girders
9.2.1 Transverse deck beams and deck longitudinals
The section modulus and shear area of transverse deck beams and of deck longitudinals not
contributing to the longitudinal strength are to be determined by the following formula:
Wy=f-sp-1?k,[cm’]
A;=(1-0817-my)-0,05-s-p-1-k,[cm?].

Passenger deck — Sun deck stiffeners:
Wy=f sp-1?k=1924cm’
A;=(1-0817-m,)-0,05-s-p-1-k = 0,54 cm?
Chosen size = HP100 x 6
9.2.4 Girders and transverses
The section modulus and the shear area are not to be taken less than following values:
W=f-b-p-1* k, [cm];
A, =005b-p-l-k, [cm?].
Passenger deck — Sun deck beams:
W=fbp 1?2 k=160,13 cm®
A, =005-b-p-l-k=454cm?

Chosen size =T150 x 7, 100 x 10

9.3 Pillars
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9.3.1.3 The wall thickness of tubular pillars which may be expected to be damaged during
loading and unloading operations is not to be less than:

ty, = 4,5+ 0,015 -d,, [mm] for d;;, < 300 mm;

t, = 0,03 -d,,;, [mm] for d,;, > 300 mm;
where:

= outside diameter of tubular pillar [mm].

dyy = 114,3 mm
t, =45+0,015-d,, = 7,1 mm

9.3.2 Scantlings

The sectional area of pillar is not to be less than:
Ay =10 ‘Z—t [em?],

where:

o: = permissible compressive stress according to Table 9.3.2. [N/mm?].

Table 9.3.2
Degree of Permissible compressive stress [N/mm?]
slenderness (1.) | Pillars within accommodation Elsewhere
<100 140 — 0,0067 - A2 117 — 0,0056 - A2
10° 10°
> 100 73— 6,1 —-
AL A4

A, =2 =20,56

ly

o = 140 — 0,0067 - 12 = 137,17 N/mm?

P, = (%)2 .7 = 10 260,83 cm’

B, = (% - at)z T =7 869,70 cm?

p=2"P _ 9397 cm?
100

Aymin = 10+ = = 17,28 cm?

Ot

Chosen size = ®114,3 x 7,1

10 Watertight bulkheads
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10.1 General

10.1.1 Watertight subdivision

10.1.1.3 Arrangement of machinery space

For ships without longitudinal bulkheads in the cargo hold and the number of watertight
transverse bulkheads should, in general, not be less than given in Table 10.1.1.3.

Table 10.1.1.3

L Arrangement of machinery space
[m] aft elsewhere
L<65 3 4
65<L<85 4 4
85 <L <105 4 5
105<L <125 5 6
125<L <145 6 7
145 <L <165 7 8
165<L <185 8 9
L>185 to be specially considered

10.2 Scantlings
10.2.1.3 Definitions

tr = corrosion addition;

s = spacing of stiffeners [m];

[ =unsupported span [m];

p =9,81-h [kN/m?;

h = distance from the load centre of the structure to a point 1 m above the bulkhead deck, at
the ship’s side, for the collision bulkhead to a point 1 m above the collision bulkhead at
the ship’s side;

Cp, C; = coefficients according to Table 10.2.1.3;

_ 235,

b
Rep

Rer = minimum nominal upper yield point [N/mm?].

Table 10.2.1.3

Coefficient C, and C; Collision bulkhead | Other bulkheads
Plating (o 1,1-Vk 0,9-Vk
Cs: in case of c.onstramt of 033k 0,265 - k
. both sides
Stiffeners and . .
corrusated Cs: in case of simple
g support of one end and 0,45k 0,36k
bulkhead .
constraint at the other end
elements Cs: both ends simpl
Ply 0,66 - k 053k
supported
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Collision bulkhead:
C,=11-Vk =095
C;, =0,66-k=0,49

Other bulkheads:
€, =09-vk=0,78
Cs = 0,53k = 0,40

10.2.2 Bulkhead plating
The thickness of the bulkhead plating is not to be less than:

t=C,-s-\/p+ty [mm],
but not less than:

tin = 6,0 - Vk, [mm].

teollision = p S” \/E + t; = 4,39 mm
Lother = p'S'\/;‘Ftk = 3,91 mm
tin = 6,0 -Vk = 5,19 mm

tmin > tcollision > tother

Chosen thickness = 8,0 mm

10.2.3 Stiffeners
The section modulus of bulkhead stiffeners is not to be less than:

W=Cs-s-1? p, [em’].
W=Cs+s-1?p=5835cm’
Chosen size = 140 x 8.5

11 Tank structures

11.1.7 Minimum thickness

The thickness of all structures in tanks is not to be less than the following minimum value:
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tmin = 5,5+ 0,02 - L, [mm].

tmin =55+ 0,02-L =7,35mm

11.2 Scantlings

11.2.1 Definitions
k = material factor;
s = spacing of stiffeners or load width [m];
[ =unsupported span [m];
p =load pI or pd [kKN/m?];
p2 = load [kN/m?];
tx = corrosion addition [mm];
h = filling height of tank [m];
l; =tank length [m];
b; = tank breadth [m];

235\?
Oq = \/(T) —3-172 —0,89 o, [N/mm?];

o1, 71 = design hull girder bending or shear stress [N/mm?];
C = 1,0 for transverse stiffening;

C =0,83 for longitudinal stiffening.

11.2.2 Plating

The plate thickness is not to be less than:

t;=11-s-\pk+t,, [mm],

tz = 0,9'5'\/2’)2 'k+tk, [mm]

The thickness of tank boundaries (including deck and inner bottom) carrying also normal and

shear stresses due to longitudinal hull girder bending is not to be less than:

t=16,8-C-s-\/U£+tk,[mm].

Fresh water tank in double bottom:

t;=11-s-p-k+t,=535mm
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tz:0,9'5'\/p2'k+tk:6,08mm

2
Of = \/(213(—5) —-3- Tf - 0,89 - g, = 185,77 N/mm?

t=16,8-C-s-\/oz+tk=6,96mm

Chosen thickness = 7,00 mm

Roll reduction below wheelhouse deck:
t;=11's-\p -k +t, =458mm
tz = 0,9'5'1/p2'k+tk :4‘,20mm

2
0, = J (%) —3-72-0,89 -0, = 185,77 N/mm>

t=16,8-C-s-\/G£+tk=4-,99mm

Chosen thickness = 6,00 mm

11.2.3 Stiffeners and girders
The section modulus of stiffeners and girders constrained at their ends, which are not considered
longitudinal strength members, is not to be less than:

W, =055"s-12p-k, [cm’],

W, =0,44-5-1%p, -k, [cm’].

Where one or both ends are simply supported, the section moduli are to be increased by 50%.

The cross sectional area of the girder webs is not to be less than:
Ay =0,05s-1-p-k, [cm?],
Ayr =0,04-s-1py -k, [cm?].
Ay 1s to be increased by 50% at the position of constraint for a length of 0,1L.

Fresh water tank in double bottom:
W, =055"s-12-p-k =6787 cm’
W, =0,44-s-1% p, -k =59,58 cm®
A, =005 s-1-p-k=206cm?
Ay =004 s-1-p,-k=181cm?
Chosen size = HP120 x 7

Roll reduction below wheelhouse deck:
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W,=055"s-12-p-k =3989 cm’
W, =044-s-1?>p, k =36,78 cm’
A,y =005-s-1-p-k=181cm?
Ay, =0,04-s-1-p, -k =1,67 cm?
Chosen size = HP100 x 6

13 Superstructures and deckhouses
13.1 General
A long deckhouse is a deckhouse the length of which within 0,4L amidships exceeds 0,2L or 12

m. The strength of a long deckhouse is to be especially considered.

Superstructures extending into the range of 0,4L amidships and the length of which exceeds
0,15L are defined as effective superstructures. Their side plating is to be treated as a shell plating

and their deck as a strength deck.

All superstructures being located beyond 0,4L amidships or having a length of less than 0,15L or

less than 12 m are considered as non-effective superstructures.

13.2 Side plating and decks of non-effective superstructures
13.2.1 Side plating
The thickness of the side plating is not to be less than the greater of the following values:

t=121-s-\/p-k+ty, [mm],
t = 0,8 tyin, [mm],

where:
p = ps or p as the case may be,

tmin = according to 5.2.6.

t=121-s-\/p-k+t, =360mm
t =08"tyn =653 mm

Chosen thickness = 6,00 mm

(5.3.3 Above alevel d + C7W above base line smaller thicknesses than #,;» may be accepted

if the stress level permits such reduction.)
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13.2.2 Deck plating
The thickness of deck plating is not to be less than the greater of the following values:

t=121-s-\/p-k+t, [mm],
t =(55+0,02-L) - Vk, [mm],
where:

p =ppa4 or pr (the greater values is to be taken);

L =need not be taken greater than 200 m.

t=121-s-\p-k+t, =554 mm
t =(55+0,02-L) vk =585 mm

Chosen thickness = 6,00 mm

13.3 Superstructure end bulkheads and deckhouse walls
The design load for determining scantlings is:
pa=n-c-(b-f—z), [kKN/m?]
where:
n =20+ % for the lowest tier of unprotected fronts (normally situated above the uppermost

continuous deck to which the rule depth D is to be measured);

L .
n =10+ o for 2" tier unprotected fronts;

=5+ i for 3" tier of sides and protected fronts;

n
n =7+ m -8 for aft ends abaft amidship;
n =5+ m —4-= for aft ends forward amidship;
10+[ ] for—<045
Cp+0,2
b —
1,0+ 1,5- [ ] for—>045
Cp+0,2

0,60 < C, <0,80;

x =distance [m] between the bulkhead considered and aft end of the length L; when
determining sides of a deckhouse, the deckhouse is to be subdivided into parts of
approximately equal length, not exceeding 0,15L each, and x is to be take as the distance

between aft end of the length L and the centre of each part considered;
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L L \2
0,1L-e 300—[1—(—)], for L < 150 m,
150

L
0,1L + e 300, for 150 m < L <300 m,
11,0, for L > 300 m;

z =vertical distance [m] from the summer load line to the midpoint of stiffener span or to the
middle of the plate field;

c =03+072

¢ =not to be taken less than 1,0 for exposed machinery parts;

b’ = breadth of deckhouse at the position considered [m];

B = actual maximum breadth of ship on the exposed weather deck at the position considered
[m];

% = not to be taken less than 0,25;

p4 = not to be taken less than the minimum values given in Table 13.3.2.

Table 13.3.2
PAmin [kN/mz]
L [m] Lowest tier of Hlsewh
unprotected fronts sewhere
<50 30 =
>0 254 L 125+ L
<250 10 20
> 250 30 >
L
12
L
12
L
n=54—= 11’18
15
7045 2
b:1'0+1;5'[ ] :1,01
Cp+0,2
_L L \2
f=01L-e 300_[1_(_) ]:6’19
150

z=975m

c=03+072=0,77

Patowest =N C* (b f —2z) = 34,27 kN/m?
pa=n-c-(b-f—2z)=17,14 kN/m>
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13.3.3 Scantlings
13.3.3.1 Stiffeners

The section modulus of the stiffeners is to be determined according to the following formula:
W =035"s-1%pyk, [cm’],

where:
[ =unsupported span [m]; / is to be taken as the superstructure height or deckhouse height

respectively, however, not less than 2,0 m;

s = spacing of stiffeners [m].

Sun deck:
W=035s-1?p,-k =5642cm’
Chosen size = HP100 x 6

Superstructure:
W=035s-1?p,-k =2821cm’
Chosen size = HP100 x 6

13.3.3.2 Plate thickness

The thickness of the plating is to be determined according to the following formula:

t = 0,95 S \Pac k + ty, [mm],
but not less than:

tmin = (5,0 + 1%) -k [mm] for the lowest tier;

tmin = (4,0 + 1%) Vk [mm] for the upper tiers, however, not less than 5,00 mm.

Sun deck:
t = 0,95'5'\/p‘4'k+tk =4-,84-mm
tmin = (5.0 + =) - VK = 5,03 mm

Chosen thickness = 6,00 mm

Superstructure:

t=095"s"\/pg-k+t, =493 mm
tmin = (50 + =) - VK = 3,86 mm

Chosen thickness = 6,00 mm
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TABLE 5-1

SECTION MODULUS WITH ATTACHED PLATING OF 610mm
OF STANDARD DIN SECTIONS

i)
w - u
cm3 | ' I :
4 33.0 90x11 {90, 33.0.0.6) . , g e
110< B8 [ 580. 33.4.05) . ard
9 34,0 60 §0x 8 { 9.03. 34.4.0.8) . o e, Feogt W L
- 35,0 75x15 (1125, 35.2.0.9) 55x §5% 10 {10,10. 353.0.8) [ 78x B0x 7 (830 igs.gju.s) 100=x 8§ (7,74, 358.0.5)
- 100x10  (10,80. 35.8.0,6) §5% B5x 7 {870. 359.0,8) - ~— ‘
b 36,0 90x12  {10.80. 385.0.7) 70x 70% 6 {813, 36,3.0.6) | 65x 50x 9 { 958, 369.0,7)
) 370 B2x 14 {11.48. 37.4.0.8)
c 38.0 92x12  {11,04. 38,0.0.7) 80x 40x B8 ( 9.01. 380.0.8). o
; t0x 9 {990, 38,0.0.5) , 76x 55x 7 (8,66 380.0.5) L -
39,0 80> 15  (12.00. 39.1.0.9) : - 100x 7 {874, 38.6.0.6) _
b 120« 8  { 9.60. 39,3.0.6) .
100x11 (19,00, 39,9.0.7) !
g 40,0 80x13 (11,70 40.1.0.8) 65% 65x 8§ { 9.85. 40,6.0.7){ 80x B5x 6 ( 8,41, 40.7.0,6)
122x 8 { 9.76. 40.6.0.6) i
4 41.0 Thx~70x T {940, 41,9.0,7)
I 42,0 80x16  {12.80. 42.4.1.0) 75% 75x § { 8,75. 42,0.0,6) o
10x10  {11.00. 42,7.0.7 60x 60=10 {11,10. 42,0.0,8) . ipaa
Al 43,0 : 100> 8 [ 974.434.05),
' ‘440 | 100x12 (12,00, 44.0.0.8) 75x BBx 9 (10,50. 44.8.0,7) T S
80x 80x B ( 8.85. 44.8.0,5) o
) 45,0 92x14  (12.,88. 45,5.0,9) 65x 65x 9 {11,00. 451.0,8) S
13 _102x12 (12,24, 45,6.0,8) ’
(130% B2 (10,40 45.7.0,7)
W 46.0 100x 50x 6 (873. 46,5.0,5) R :
i 470 | miex11 (210, 47407 75x B5x 9 (10,90. 47,7.0.7)
‘ 90x15  (13,50. 47,7.0,8)
Y4l
jg; 48,0 | 100x13  [13.00. 48.3.0.8) 6% 76x 7 {1010 48.2.0,7) it
5061 120%10  (12.00. 50.1.0.7) 120x 6 {831, 51,2.0.7)
19 80x16  (14,40. 51.6.1.0) : .
120%10 (1220, 51,7.0.8) L
“ ¢130x 9 (11,70, 519.0.7) :
520 | 110x12  (13,20. 52.3.0.8) 70x 70% 8 (11,90, 526.0.8) | 80x G5x B {11.00. 52.9.0.8) G
7 140% § (11,20, 52,6.0.8)
.\ 100<14 (14,00, 52.7.0.9)
) 540 | 102x14  (14,28. 54.6.0.9) 65x 65x 11 (13,20, 54,2.1.0)
11 12011 (13,20. 55.6.0.8) 75% 75x B (11.50. 54,6.0,9)
) BOx 80x 7 (10,80, 55.0.0,8) L o
- 56O | 100x15 (15,00, 57.2.1.0) 120% 7 {10,50. 56.4.0.8). 2
4 . 1MO0x13 (1430, 57,3.0.9) o
o 92x17 (15,54, 51.7.1,1)
' 58,0 | T30% 100  {13.00. 58,1.0,8) 80x §0x 8 (11,40, 58,3.0.8)
s 90% 18 (16,20. 59.5.1.2)
"y [150% 8] {(12.00. 53,9.0,8) Lo
60.0 | 120x12  (14,40. 61,3.0.9) 100x §0x B (1150, 605.08) | 120x &  {11,70. 61.8.0,8)
?‘3 100=16  (16.00. 61.8.1,1) 80x 75x 7 (11,10. 60.6.0.8) T
! 62.0 | 110x14 (1540, 624.1,0) 80= B0x 8 {12,30. 62,2.0,9) | 100% 65x 7T (11,20. 63.6.0.8) RS
;’-;; 122x 12 {1464, 63.2.0.9) 70% 70x 11 {14,30. §2.9.1.0) ‘ S0 Bl DR
231 840 | 130x11 (1430 645.0.9) 80x B5x 10 (13,60. §4.9.0.9) ;
‘| 660 | 140x10  (14,00. 66.7.0.9) T5x 75x10 (14,10. 66,6.1.,0) ‘
Yy 120213 (1560, 67.0.1,8) )
110x15 {1650, 67.6.1.0)
68,0 | 102x17  {17.34. 68.8.1.2)
70,0 | 138x12 {1560, 75,0.1,0) 100x 75x 7 (11,90. 70.1.0.9)
. 128 110x 16 (1760, 72.9.1.1 AN x KR 1Mt (1410 710 noy




SECTION MODULUS WITH ATTACHED PLATING OF 610mm

TABLE 5-1

OF STANDARD DIN SECTIONS

W 1 E [
cm3 — - ,? I
740 | 122x14  (17.08. 751.10) | 80= 80x 10 (15.10. 75.8.11)
(15010, (1500, 75.9.1.)
760 | 130x13 (16,90, 77.6.1.0)
780 | 120<15  (18.00. 789.11) | 75% 78x12 {1670. 784.1.2) | 100x 65x 8 (1420. 79,9.1.0)] 180x T  (12,60. 78.6.1.0)
80x 80x 8 {13.99. 78.0.1.0)
80,0 | 100x20  {20,00. 81,3.1.4)
180x 12 {16,80. 81.4.1.0) _ _
84,8 | 150x11  {1650. 841.1.1) 140x B (13.80. 84,8.1,1)
130% 14 (18,20, 84,3.1.1)
12016 {19.20. 85.0.1.2)
26,0 90 80x% 9 (1550 87.9.11)
28.0 80x 80x12 (17.90. 89,6.13} | 100% 765x 8 (15.10. 88.2.1.1)
90,0 | 130x15 (1950, 91.1.1,2) ]
92,0 | 158x12  {18.00. 92.4.11) 180% 9 {1520, 92.0.11)
12217 {20.74. 93%9.1.3) - ‘ -
940 | 110x20  (22,00. 95.4.15) 100% 65x11 {17,10. 95.7.1.2)
980 | 130x16  {20,80. 981.1,3) | 100x100x 8 {1550. 98.0.1.2)
100,06 | 150x13  {1950.1009.1,2) | 80x 80x14 {20.60.102.9.15)
1030 | 14015  (21.00.1082.1,3) | 90% 80x11 {1870.1054.1,3) | 130% 65x 8 (15.10.103.2.1.2)
100% 75x11 {18.20.105.7.1.3}
120% BOx 8 {15.50.105,7.1.2}
1060 160% 7 (14,60.106,2.1,3)
1006 | 150x14  (21,00.109.4.1,3)
12020 {24.00.110.7.15)
1120 | 140%16  (22,40.112.0.1.4) 130 75x 8 (15,90.1126.13) |
1150 160x 8  (16,20.115,1.1,4)
1180 1650 = 15 {22,50.118,1.1.,4} 106 100 x 10 {19,26,120,5.1.4}
121.0 0% 9013 (21,80.122,1.15)
124,0 130% B5x10 (18.60.1262.1.4) | 160x 9  (17.80.124.2.1.4)
127.0 | 150%16  (24.00.127.0.1.5) 120% 80x10 (19,10.129,3.1,4)
130%20  (26.00.127.1.1,6)
122x22  (26,84.127.8.1.8)
136.0 130x 7510 (19,60.137.8.1.5) .
138.0 100 % 100 12 {22,70.141,6.1,6) z £
1420 | 180x20  (28.00.144.8.1,7) I
145.0 110 110x 10 (21,20.146,1.1,6) | 130 665x 12 (22,10.148,7.1.5) I
80x 90x 16 (26.40.147.0.1.9) _ Lo
150, 150x 75% § (19.50.152.3.1.6) | 180% 8  (18.90.154,2.1.8)
120% 80x12 (22.70.152.7.1.6) S
156,0 130x 80%10 (21.20.156,8.1,6} R
1600 | 150%20  (30.00.163,6.18) | 100100x 14 (26.20.1525.1,8) | 130x 75x12 {23,30.162.8.1,7)| 180x 9  (2070.184.7.18)
1650 | 130x25  (32,50.166,5.2.1) - T
170,0 110 118 % 12 (25,10.171,9.1.,8) e,
175, 120% 80x14 (2620.1753.1,8) | 180%10  (22,50.1711.1.9)
180,0 100 100% 16 {29,60.182.6.2,1) | 158% 75x11 (23,60.183.0.1.8) ‘
130% 80x 12 (25.10.184.3.1.8)
1850 | 140x25  (3500.1888.2,2) | 120x120x 11 {2540.189,9.1,9) | 150= 80x10 (23,20.189.9.1,9) | 180x11  (24.30.188.3.1.9)
180,0 160% 80x 10 (23,20.1927.1.9)
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SECTION MODULUS WITH ATTACHED PLATING OF 610mm

TABLE 5-1

OF STANDARD DIN SECTIONS

w
cm? _L— —r .___[—- .._L.—- '
195.0 0% 110x 14 (29,00.198,3.2,0}
200,0 150 100 10 {24,20.203,9.2.0)
"205,0 120 120 x 12 {27,50.205,1.2,0) .
2100 | 150%25  (37.50.212,6.2,3) _ 200x § - (23,60.2125.2.4)
2200 120 % 120% 13 (29,70.220,7.2.2) | 150 90x 12 (27.50.223,7.2.1)
100 % 100 =20 {36,20.222,5.2,5)
2250 150% §0x12 (27.50.227.1.2) 1 200%10  (26,60.2256.24)
240.0 130%130x12 (30.00.242.1.2.3) | 150 100x 12 (28,70.240.3.2.2) [ 20011 {27.60.240.7.2.4)
, 180% 9Dx 10 {26,20.244,3.2,4) S
250.0 120 %120 15 {33,80,251,2.2.4) 200x 12 (29.60.2554.2.5)
268,0 | 150%30  (46.00.265.3.2.9) , 160 % 80x 14 (31.30.260,8.2.3) ) -
2740 130%130% 18 (3470.278.4.2.8) | 150 % 100x 14 {33.20.276,5.2.5)
282,0 180 90x12 (31,20.289,3.2.6) | 220x10  (29.00.288.7.3.0)
298,8 140 % 140% 13 (35.00.3031.2,7) | 200 100 10 (29.20.301.8.2.9) | 220x 11 {3120.304.3.3.0)
306.0 130% 130 % 16_(39,30.313,6.2.8) s
314,0 720%12  (33.40.3185.30)
22,8 150 = 150 = 12 (34,80.323.9.2,9)
3300 180 % 90=x 14 (36.10.332.3.2.8)
©338,0 140> 140= 15 (40,00.344,6.3.0) 4
346.0 : 240=x10  (32,40.3513.3.7)
354,0 200 % 100 12 (34,80.356,9.3.1)
370,0 150> 150 % 14 {40,30.372.3.3.2) 20011 {34.90.375,7.3.7)
386.,0 256 90x 10 (33.20.388,7.3.9)
334.0 160% 150 % 1% (43,00.396.,2.3.3) 240 % 12 (37,30.334,0.3.7)
4180 158 = 150 % 1§ {45,70.419,9.3,5) [ 200 = 180 14 {46,30.410,7.3 4)
450,0 160 160 % 15 (46,10.452.8.3.,7) 260x 11 {38.70.455.7.4.5)
460,0 150% 150 18 {51,00.467,1.3,8) | 250 90x 12 (39,60.450,7.4,1)
200 % 100 % 16 (45.70.463,9.3,6)
4700 26012 (41,30.477.7.45)
490.0 . 260% 13 (43.90.499,2.4.5)
500,0 160 % 160 % 17 (51,80.506,6.4,0)
5300 250= 90~ 14 (45,90.5309.4.4) | 280x11  (4260.543.7,8.5)
545,0 160 160 % 20 (56,30.557.,6.4.3)
160 x 160 = 19 (57,50.559,3.4.3)
560.0 780x 12 (45,50.571,7.5.4)
590.0 250% 80« 16 {52.10.599.3.46) | 280x13  {48,30.597.3.5.4}
605.8 180 % 180 x 18 {55.40.603,1.4,6)
635.0 300x 11 (46.70.847.5.6.8)
665.0 180 % 180:x 18 (61,90.677,8.5.0) 300x12  (49.70.679,8.6.5)
s M0x13  (52.80.711.2.65)
74,0 180= 180 % 20 {68.40.744,7.5,3) 0% 14  (65.80.740,7.6.8)
200x 200 16 (61,80.752,6.5.5)
7800 320%x 12 (54.20.7936.7.7)
800,0 180 180 < 22 {74,70.809.6.5.7)
820.8 200 200 x 18 (69,10.837.7.5,9} 320%13  (57.40.829.4.7,8)
860.0 T 320%14  (60,70.864,8.7.6)




TABLE 5-1

SECTION MODULUS WITH ATTACHED PLATING OF 610mm
OF STANDARD DIN SECTIONS

w

w | 1 _r _L L

900,08 340x 12 [(59,80.9167.9.0) |

920,0 200 % 200 % 20 (76,40.921,6.6,3)

840,0 340% 13 { 62,20. 958,6.8.9)

989.0 340= 14  ( 65,50, 597,4.3,8)
1032,0 940=15  ( 68,90.1035,7.8,7)
10500 200> 230 % 24 (80,64.1083,2.7.1)
1150,0 370% 13 { 69.60.1179,7.11.1}
1210,0 370x14  ( 73,30.1218,9.10.9)
1240,0 200 = 200 % 28 (105,0.1244,6.7.9) 370%15  { 77,00.1267.5.10.8)
1300,0 376=16  { 80,70.1312,8.10.7)
1450,0 400% 14 { 1,40.1488,6.13.5)
1500,0 angx 15 [ 85,40.1535,8.13,2)
1550,8 400> 16  { 89.40.1591.4.13.1)
16000 00> 17 { 93,40.1633,6.12.9)

- 1800.0 430= 15 ( 94,10.1833,2.16,1)
1950,0 430%17  {103,00.1954,5.15.6)
2050,0 43¢% 18  {111,00.2069,9.15.2)
2150,0 436% 21 {120,00.2188,6.15.1} /
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Dora

BV RULES - Mars Rule 2000 v2.9p
Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m

1/11/2024

Cross Section Characteristics
Gross scantling

Geometric Properties (For the whole cross-section)

Geometric Area of Cross-Section

Steel Steel Total
(235) (355) Area
Strakes 1.357719 | 0.000000 | 1.357719
Longitudinals | 0.313916 | 0.054286 | 0.368202
Total (m?) 1.671639 | 0.054286 | 1.725921
Geometric area of cross-section . . ......... ... . ... .. .. ..
Effectivearea. .. ... ... .
Single moment above neutral axis . . ............. (/ neutral axis) . ..
Single moment of half section . .................. (/ centreline) . ..
Moment of inertia/ Gy axis . . ............ ... ... ... (I1G,) ..
Moment of inertia/ G, axis . . .......... ... .. L. (I1G,) ..
Position of neutral axis . . .. .......... (above baseline).... (N)....
Modulusatdeck . . ......... ... ... ... ... (3.800m) .. (Zap)--
Modulus atbottom . .. .......... ... ... ... (0.000m) ... (Zpg) - - -
Modulusattop..................... (Zyy=15.900m) ... (Za7) - - -

(Zvt=15.900 m; Vt =10.930 m; Yt = 10.000 m; Zt = 15.900 m)
Transverse sectional area of deckflange . . ... ... ... ... ... .....
Transverse sectional area of bottom flange . . . .....................

These characteristic (except geometric area) are effective values assuming an homogeneous

material of 206000 (N/mm<) as Young modulus.

Profiles
Type Scantling Number
flat 150 x 20.0 4
flat 150 x 10.0 6
flat 100 x 10.0 4
bulb 220 x 10.0 30
bulb 180 x 8.0 4
bulb 180 x 10.0 16
bulb 160 x 8.0 4
bulb 140 x 9.0 2
bulb 140 x 8.0 16
bulb 140 x 7.0 2
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. 1.725926

1.267486

2.368181
3.328110

24.476110
46.875160

4.97048
-20.911100
4.924292
2.239451

0.783859
0.189984



Dora

BV RULES - Mars Rule 2000 v2.9p
Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Type Scantling Number
bulb 120 x 8.0 6
bulb 120 x 7.0 2
bulb 100 x 6.0 138
t-bar 620 x 8.0 150 x 20.0 4
t-bar 600 x 12.0 150 x 20.0 1
t-bar 450 x 7.0 100 x 10.0 4
t-bar 350 x 7.0 150 x 10.0 1
Strakes

Thickness (mm) Length (m)

12.500 2.150

12.000 1.100

11.000 22.501

10.500 1.682

10.000 15.392

8.500 6.115

8.000 23.361

7.500 5.507

7.000 6.640

6.000 99.184

The length indicated is the total length for the strakes having same thickness.
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BV RULES - Mars Rule 2000 v2.9p
Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Hull Girder Loads

Vertical Bending Moment

S.W.B.M. Builder's proposal in Basic ShipData .. ... ..
S.W.B.M. Builder's proposal at X =46.35m........
S.W.B.M. preliminary value at midship . . . ..........
S.W.B.M. preliminary value at X=46.35m..........
Rule Vertical Wave Bending Moment at X =46.35 m . .

Design Hull Girder Loads at X = 46.35 m

Wave bending moment(Rule) . . ..................

Horizontal wave bendingmoment . .................

Vertical still water shearforce . .. ...................
Vertical wave shearforce .........................

Admissible Vertical Shear Forces

Total Admissible Vert. ShearForce . . ................
Positive Admissible Vert. Still Water Shear Force . .. .. ..
Negative Admissible Vert. Still Water Shear Force . . . . ..

Hogging Sagging
(kNm) (kNm)
38 785. - 38 785.

141 427. - 113 018.

141 427. - 113 018.

114 693. - 143 102.

Hogging Sagging
(kNm) (kNm)
38 785. - 38 785.

114 693. - 143 102.
19 670.

Positive Negative

(KN) (KN)

1 800.

3038 - 3 038.

(KN) . ... 16 037.

(KN) . ... 12 999
. (KN).... 12 999
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BV RULES - Mars Rule 2000 v2.9p
Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Section moduli and Inertia

X SECHON . . . oo 46.350 (m)
X 'mid, defining midship section (+/-0.1m)........... ... ... ....... 44.960 (m)
Xmid - 0.2 L . e 26.976 (m)
Xmid+ 0.2 L .o 62.944 (m)
Minimum section modulus at midship section (k=1,n;=09).......... 1.4635 (m?)
Rule section moduli
Dec3:k Bott(3)m Tog)
(m®) (m”) (m”)
Modulus based on design BM, Hog. (153 477.5kNm)........... 0.8770 0.8770 0.8770
Modulus based on design BM, Sag. (- 181 886.6 kNm).......... 1.0394 1.0394 1.0394
Rule Modulus . . . ... ... 1.0394 1.0394 1.0394
Check of section moduli and inertia
Rule Actual

Deck (3.800m k=1.00) 1.0394 -20.9111

Bottom (0.000m k=1.00) 1.0394 4.9243

Top (15.900 m k =1.00) 1.0394 2.2395

Inertia 3.5094 24 4761
Check of Net/Gross Moduli

Actual Gross Actual Net %

Deck......... (3.800m)..................... -20.9111 -20.3350 97.2
Bottom ........ (0.000mM)......coi 4.9243 4.2693 86.7
Top.......... (15.900mM) . ... 2.2395 1.8516 82.7
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

1 - Outher shell

1 11.00 11.00 5.00 ST235 0.600 2.850 100
10.00 4.21 31.96 25.14 13.09 SEA-a1 1.45

0.00 36.94 175.00 a -27.35 -149.97

1.00 10.10 1.63 110.00 a 1.79 106.55

2 10.00 8.50 5.00 ST235 0.650 3.000 100
9.00 4.26 30.35 22.63 13.32 SEA-a1 6.68

0.00 36.94 175.00 a -27.35 -136.01

1.00 0.00 10.36 110.00 a 10.24 102.86

3 8.50 8.50 3.50 ST235 0.700 3.000 100
7.50 3.88 23.30 11.60 14.38 SEA-a1 11.40

0.00 27.75 175.00 a -21.66 -149.87

1.00 0.00 14.02 110.00 a 12.73 92.81
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1
tTest onActu. oyRule Case capBUCK GerirBuck
CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK
2 - Tank top
4 8.00 7.50 4.50 ST235 0.600 2.850 100
7.00 6.24 25.14 9.81 1.56 Wheel-b 5.74
0.00 29.13 175.00 a -21.55  -90.41
1.00 6.50 7.22 110.00 a 5.94 91.59
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1
tTest onActu. oyRule Case capBUCK GerirBuck
CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK
3 - Main deck
5 11.00 9.50 3.00 ST235 0.600 3.000 100
10.00 8.65 748 2453 3.89 Wheel-b 9.21
0.00 8.70 175.00 c -7.16 -150.80
1.00 4.90 10.20 110.00 c 9.27 106.49
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

4 - Passenger deck

6 6.00 6.00 5.00 ST235 0.600 3.000 100
5.00 2.23 28.80 420 5.88 SEA-a1 28.37
0.00 33.29 175.00 a -28.80 -46.09
1.00 4.90 31.09 110.00 a 25.05 63.23
7 8.00 6.00 5.00 ST235 0.600 3.000 100
7.00 2.23 28.80 420 5.88 SEA-a1 28.37
0.00 33.28 175.00 a -28.80  -90.41
1.00 4.90 26.70 110.00 a 25.05 91.49
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1
tTest onActu. oyRule Case capBUCK GerirBuck
CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK
5 - Sun deck
8 6.00 4.50 5.50 ST235 0.600 3.000 65
4.80 1.91 30.42 3.15 4.41 SEA-a1 3.47
0.00 35.16 175.00 a -30.42 -42.48
1.20 3.36 7.74 110.00 a 6.30 58.41
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

6 - Wheelhouse deck

9 6.00 4.50 3.00 ST235 0.600 3.000 10
5.00 1.45 7.06 1.87 2.62 SEA-a1 0.80
0.00 8.16 175.00 a -7.06 -46.09
1.00 3.36 1.67 110.00 a 1.35 63.25
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BV RULES - Mars Rule 2000 v2.9p
Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Dora

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1
tTest onActu. oyRule Case capBUCK GerirBuck
CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK
7 - Inner Side 6000
10 10.50 7.50 5.50 ST235 0.700 3.000 100
9.50 4.28 17.89 27.65 7.06 FLOOD 1-Floo  2.66
0.00 35.08 175.00 a -25.98 -114.84
1.00 6.02 6.46 110.00 a 7.28 99.40
11 7.50 7.50 5.00 ST235 0.700 3.000 100
6.50 4.28 17.89 27.65 7.06 FLOOD 1-Floo 2.66
0.00 28.83 175.00 a -21.57 -62.55
1.00 6.02 10.30 110.00 a 9.32 64.38
12 7.50 7.50 4.50 ST235 0.780 3.000 100
6.50 3.71 11.50 13,57 7.06 FLOOD 1-Floo 4.15
0.00 13.97 175.00 a -13.87  -54.06
1.00 6.38 10.64 110.00 a 9.32 64.38
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

8 - Superstructure side

13 6.00 0.00 6.50 ST235 0.000 0.000 30
4.80 0.00

0.00 24.48 175.00 a -19.35 * -14.75

1.20 0.00 21.93 110.00 a 19.63 58.66

Dora Page 99



BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

9 - Superstructure top

14 6.00 0.00 4.50 ST235 0.000 0.000 30
4.80 0.00
0.00 22.47 175.00 a -19.44  -42.48
1.20 0.00 4.92 110.00 a 4.01 58.41
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

10 - Sun deck side

15 6.00 0.00 0.00 ST235 0.000 0.000 O
5.00 0.00
0.00 0.00 175.00 0.00 0.00
1.00 0.00 0.00 110.00 0.00 0.00
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

11 - Wheelhouse deck side

16 6.00 0.00 0.00 ST235 0.000 0.000 O
5.00 0.00
0.00 0.00 175.00 0.00 0.00
1.00 0.00 0.00 110.00 0.00 0.00
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

12 - Side girder 3000

17 12.50 7.50 6.50 ST235 0.000 0.000 100
11.50 0.00

0.00 36.92 175.00 a -27.34 -124.15

1.00 0.00 0.78 110.00 a 0.41 111.82
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

13 - Centar girder

18 12.00 6.00 6.00 ST235 0.000 0.000 100
11.00 0.00

0.00 36.94 175.00 a -27.35 -129.07

1.00 0.00 0.81 110.00 a 0.42 110.89
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

14 - Wheelhouse top

19 6.00 0.00 0.00 ST235 0.000 0.000 O
5.00 0.00
0.00 0.00 175.00 0.00 0.00
1.00 0.00 0.00 110.00 0.00 0.00
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

15 - Wheelhouse side

20 6.00 0.00 0.00 ST235 0.000 0.000 O
5.50 0.00
0.00 0.00 175.00 0.00 0.00
0.50 0.00 0.00 110.00 0.00 0.00
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Strake

N° tGActu. tGRule tGRuleBuck Mat Spac Span Bend.Eff.
tNetActu. tLoad SigX1 ps pw Case Tau1

tTest onActu. oyRule Case capBUCK GerirBuck

CAdd tMini tyActu. tRule Case tapBUCK toriTBUCK

16 - Outher shell plitted

21 8.00 7.50 5.00 ST235 0.700 3.000 100
7.00 2.66 7.53 0.00 10.11 SEA-a1 26.46

0.00 8.70 175.00 c -7.16  -78.23

1.00 6.42 29.03 110.00 c 28.46 81.29

22 7.00 7.50 5.00 ST235 0.700 3.000 100
6.00 2.66 5.98 0.00 10.11 SEA-a1 30.26

0.00 21.55 175.00 a -19.48 -54.80

1.00 * 6.42 33.19 110.00 a 30.32 66.97

23 8.00 7.50 5.50 ST235 0.700 3.000 100
7.00 2.32 14.98 0.00 7.58 SEA-a1 29.76

0.00 33.66 175.00 a -28.48  -62.89

1.00 6.42 28.21 110.00 a 27.75 81.29
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m

1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
1 - Outher shell
1 178.79 180.0 10.0 0.0 0.0 ST235 0.600 2.850 100
166.32 74.76 27.35 25.14 13.09 SEA-a1
16.20 2.77 25.14 13.09 SEA-a1
157.88 29.78 25.14 13.09 SEA-a1
0.50 # -27.35 -194.22
2 178.79 180.0 10.0 0.0 0.0 ST235 0.600 2.850 100
166.32 74.76 27.35 25.14 13.09 SEA-a1
16.20 2.77 25.14 13.09 SEA-a1
157.88 29.78 25.14 13.09 SEA-a1
0.50 # -27.35 -194.22
3 176.97 180.0 10.0 0.0 0.0 ST235 0.600 2.850 100
164.57 74.76 27.35 25.14 13.09 SEA-a1
16.20 2.77 25.14 13.09 SEA-a1
154.92 29.78 25.14 13.09 SEA-a1
0.50 # -27.35 -194.95
4 176.96 180.0 10.0 0.0 0.0 ST235 0.600 2.850 100
164.56 74.76 27.35 25.14 13.09 SEA-a1
16.20 2.77 25.14 13.09 SEA-a1
154.92 29.78 25.14 13.09 SEA-a1
0.50 W -27.35 -194.95
5 176.84 180.0 10.0 0.0 0.0 ST235 0.601 2.850 100
164.45 74.48 2725 2495 13.10 SEA-a1
16.19 2.76 24.95 13.10 SEA-a1
155.04 29.66 24.95 13.10 SEA-a1
0.50 a -27.25 -194.95
6 176.51 180.0 10.0 0.0 0.0 ST235 0.602 2.850 100
164.15 73.97 27.06 24.61 13.14 SEA-a1
16.16 2.74 24.61 13.14 SEA-a1
155.26 29.46 24.61 13.14 SEA-a1
0.50 a -27.06 -194.93
7 175.99 180.0 10.0 0.0 0.0 ST235 0.604 2.850 100
163.66 73.17 26.76 24.06 13.19 SEA-a1
16.11 2.72 24.06 13.19 SEA-a1
155.61 29.13 24.06 13.19 SEA-a1
0.50 a -26.76 -194.91
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
1 - Outher shell
8 175.01 180.0 10.0 0.0 0.0 ST235 0.555 2.850 100
162.77 66.58 26.34 23.30 13.26 SEA-a1
16.10 2.48 23.30 13.26 SEA-a1
156.60 28.68 23.30 13.26 SEA-a1
0.50 | a -2634 -195.52
9 158.01 180.0 80 0.0 0.0 ST235 0.650 3.000 100
145.76 81.32 25.31 2140 13.43 SEA-a1
12.60 2.89 21.40 13.43 SEA-a1
151.91 2755 2140 1343 SEA-a1
0.50 | a -2531 -191.66
10 158.01 180.0 80 0.0 0.0 ST235 0.650 3.000 100
145.76 77.62 24.36  19.67 13.59 SEA-a1
12.60 2.77 19.67 13.59 SEA-a1
153.24 26.52 19.67 13.59 SEA-a1
0.50 a -24.36 -191.66
11 117.92 160.0 80 0.0 0.0 ST235 0.650 3.000 100
109.05 72.92 23.14 17.44 13.81 SEA-a1
11.20 2.62 17.44 13.81 SEA-a1
143.48 2519 17.44 13.81 SEA-a1l
0.50 a -23.14 -184.16
12 117.92 160.0 80 0.0 0.0 ST235 0.650 3.000 100
109.05 67.30 21.66 14.73 14.07 SEA-a1
11.20 2.43 14.73 14.07 SEA-a1
145.91 23.58 14.73 14.07 SEA-a1
0.50 a -21.66 -184.16
13 91.86 140.0 90 00 0.0 ST235 0.675 3.000 100
83.79 62.95 19.94 11.60 14.38 SEA-a1
11.20 2.30 11.60 14.38 SEA-a1
127.24 2171  11.60 14.38 SEA-a1
0.50 a -19.94 -176.15
14 80.47 140.0 70 00 0.0 ST235 0.700 3.000 100
71.60 56.04 17.64 7.40 14.80 SEA-a1
8.40 2.07 7.40 14.80 SEA-a1
129.42 19.21 7.40 14.80 SEA-a1
0.50 a -17.64 -171.94

Dora Page 109



BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

1 - Outher shell

15 62.60 120.0 80 0.0 0.0 ST235 0.725 3.000 100
56.67 44.70 14.28 1.24 15.45 SEA-a1
8.40 1.67 1.24 15.45 SEA-a1
112.77 15.54 1.24 15.45 SEA-a1
0.50 a -14.28 -153.76
16 62.58 120.0 80 0.0 0.0 ST235 0.720 3.000 100
56.65 26.74 10.24 0.00 10.11 SEA-a1
8.40 1.02 0.00 10.11 SEA-a1
127.50 11.15 0.00 10.11 SEA-a1
0.50 a -10.24 -154.01
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION

File : d:\diplomski\metro.ma2

Ship : New Ship

Xx=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
2 - Tank top
1 84.72 140.0 80 00 0.0 ST235 0.600 2.850 100
76.80 60.31 17.66 2715 7.06 FLOOD 1-FI09
9.80 2.34 2715 7.06 FLOOD 1-Floq
103.45 16.64 2715 7.06 FLOOD 1-Flog
0.50 # -21.30 -181.40
2 84.72 140.0 80 00 0.0 ST235 0.600 2.850 100
76.80 60.41 17.68 27.20 7.06 FLOOD 1-FI09
9.80 2.34 27.20 7.06 FLOOD 1-Floq
103.35 16.66 27.20 7.06 FLOOD 1-Flog
0.50 # -21.33 -181.40
3 84.72 140.0 80 00 0.0 ST235 0.600 2.850 100
76.80 60.52 17.71 2726 7.06 FLOOD 1-FI09
9.80 2.35 27.26 7.06 FLOOD 1-Floq
103.23 16.69 27.26 7.06 FLOOD 1-Flog
0.50 # -21.36 -181.40
4 84.72 140.0 80 00 0.0 ST235 0.600 2.850 100
76.80 60.63 17.73 27.32 7.06 FLOOD 1-Flo
9.80 2.35 2732 7.06 FLOOD ‘I-Floq
103.11 16.71 27.32 7.06 FLOOD 1-Flog
0.50 [a— -21.39 -181.40
5 84.72 140.0 80 00 0.0 ST235 0.600 2.850 100
76.80 60.84 17.79 2743 7.06 FLOOD 1-Flo
9.80 2.36 2743 7.06 FLOOD ‘I-Floq
102.90 16.76 2743 7.06 FLOOD 1-Flog
0.50 W -21.45 -181.40
6 84.72 140.0 80 00 0.0 ST235 0.600 2.850 100
76.80 60.95 17.81 2749 7.06 FLOOD 1-Flo
9.80 2.36 2749 7.06 FLOOD ‘I-Floq
102.78 16.78 2749 7.06 FLOOD 1-Flog
0.50 # -21.48 -181.40
7 84.72 140.0 80 00 0.0 ST235 0.600 2.850 100
76.80 61.06 17.84 2755 7.06 FLOOD 1-Flo
9.80 2.37 2755 7.06 FLOOD 1-FI0;
102.67 16.81 27.55 7.06 FLOOD 1-Flog
0.50 a -21.52 -181.40
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
2 - Tank top
8 84.34 140.0 80 0.0 0.0 ST235 0.550 2.850 100
76.46 56.62 17.86 27.60 7.06 FLOOD 1-FI09
9.80 2.20 2760 7.06 FLOOD 1-Fqu
110.04 16.83 27.60 7.06 FLOOD 1-Flog
0.50 a -21.55 -182.80
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship

Xx=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
3 - Main deck
1 2730.21 600.0 12.0 150.0 20.0 ST235 0.600 3.000 100
2548.86 136.01 6.88 24.53 3.89 Wheel-b
66.11 6.11 2453 3.89 Wheel-b
195.12 6.41 15.00 4.76 UniCarg-b
0.50 ﬁL -5.89 -162.35
2 291.25 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.30 136.01 6.88 24.53 3.89 Wheel-b
19.80 6.11 2453 3.89 Wheel-b
179.33 6.41 15.00 4.76 UniCarg-b
0.50 ﬁL -5.89 -196.09
3 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.04 6.92 24.53 3.89 Wheel-b
19.80 6.11 24.53 3.89 Wheel-b
179.33 6.45 15.00 4.76 UniCarg-b
0.50 ﬁL -5.92 -196.09
4 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.06 6.96 24.53 3.89 Wheel-b
19.80 6.11 24,53 3.89 Wheel-b
179.33 6.49 15.00 4.76 UniCarg-b
0.50 [—ag; -5.96 -196.09
5 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.09 7.00 2453 3.89 Wheel-b
19.80 6.11 24,53 3.89 Wheel-b
179.33 6.53 15.00 4.76 UniCarg-b
0.50 a -5.99 -196.09
6 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.11 7.04 2453 3.89 Wheel-b
19.80 6.11 24,53 3.89 Wheel-b
179.33 6.56 15.00 4.76 UniCarg-b
0.50 a -6.03 -196.09
7 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.14 7.09 2453 3.89 Wheel-b
19.80 6.11 24.53 3.89 Wheel-b
179.33 6.60 15.00 4.76 UniCarg-b
0.50 a -6.06 -196.09
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 ps pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
3 - Main deck
8 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.16 713 2453 3.89 Wheel-b
19.80 6.11 2453 3.89 Wheel-b
179.33 6.64 15.00 4.76 UniCarg-b
0.50 ﬁL -6.10 -196.09
9 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.19 717 2453 3.89 Wheel-b
19.80 6.11 2453 3.89 Wheel-b
179.33 6.68 15.00 4.76 UniCarg-b
0.50 a -6.13 -196.09
10 289.56 220.0 10.0 0.0 0.0 ST235 0.550 3.000 100
268.76 132.46 721 2453 3.89 Wheel-b
19.80 5.94 2453 3.89 Wheel-b
179.39 6.72 15.00 4.76 UniCarg-b
0.50 a -6.17 -196.54
11 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.26 7.29 2453 3.89 Wheel-b
19.80 6.11 2453 3.89 Wheel-b
179.33 6.79 15.00 4.76 UniCarg-b
0.50 a -6.24 -196.09
12 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.29 7.33 2453 3.89 Wheel-b
19.80 6.11 2453 3.89 Wheel-b
179.33 6.83 15.00 4.76 UniCarg-b
0.50 a -6.27 -196.09
13 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.31 7.37 2453 3.89 Wheel-b
19.80 6.11 2453 3.89 Wheel-b
177.26 6.87 15.00 7.14 UniCarg-d+
0.50 c -6.31 -196.09
14 291.23 220.0 10.0 0.0 0.0 ST235 0.600 3.000 100
270.28 136.34 741 2453 3.89 Wheel-b
19.80 6.11 2453 3.89 Wheel-b
176.82 712 15.00 7.66 UniCarg-d+
0.50 c -6.54 -196.09
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
3 - Main deck
15 289.56 220.0 10.0 0.0 0.0 ST235 0.550 3.000 100
268.76 132.59 745 2453 3.89 Wheel-b
19.80 5.94 2453 3.89 Wheel-b
176.48 7.37 15.00 8.17 UniCarg-d+
0.50 c -6.76 -196.54
16 289.56 220.0 10.0 0.0 0.0 ST235 0.550 3.000 100
268.76 132.62 748 2453 3.89 Wheel-b
19.80 5.94 2453 3.89 Wheel-b
176.11 758 15.00 8.61 UniCarg-d+
0.50 c -6.94 -196.54
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BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship

Xx=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
4 - Passenger deck
1 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-at
107.70 31.53 5.00 1.59 AccDeck-b
0.50 # -28.80 -154.27
2 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-at
107.70 31.53 5.00 1.59 AccDeck-b
0.50 # -28.80 -154.27
3 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-at
107.70 31.53 5.00 1.59 AccDeck-b
0.50 # -28.80 -154.27
4 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
107.70 31.53 5.00 1.59 AccDeck-b
0.50 {a— -28.80 -154.27
5 2370.53 620.0 8.0 150.0 20.0 ST355 0.600 3.000 100
2174.26 15.76 24.65 420 5.88 SEA-a1
43.47 0.58 420 5.88 SEA-a1
187.34 31.53 5.00 1.59 AccDeck-b
0.50 a -28.80 -88.33
6 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
107.70 31.53 5.00 1.59 AccDeck-b
0.50 a -28.80 -154.27
7 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-at
107.70 31.53 5.00 1.59 AccDeck-b
0.50 a -28.80 -154.27
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BV RULES - Mars Rule 2000 v2.9p
Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Dora

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
4 - Passenger deck
8 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
107.70 31.53 5.00 1.59 AccDeck-b
0.50 a -28.80 -154.27
9 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
107.70 31.53 5.00 1.59 AccDeck-b
0.50 a -28.80 -154.27
10 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
107.70 31.53 5.00 1.59 AccDeck-b
0.50 # -28.80 -154.27
11 35.74 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
30.67 15.76 24.65 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
107.70 31.53 5.00 1.59 AccDeck-b
0.50 {a— -28.80 -154.27
12 2370.56 620.0 8.0 150.0 20.0 ST355 0.600 3.000 100
2174.28 15.76 24.65 420 5.88 SEA-a1
43.47 0.58 420 5.88 SEA-a1
187.33 31.53 5.00 1.59 AccDeck-b
0.50 a -28.80  -88.33
13 36.78 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
31.56 15.99 28.75 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
95.08 31.47 420 5.88 SEA-ai
0.50 a -28.75 -124.29
14 36.78 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
31.56 15.98 28.69 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
95.08 31.41 420 5.88 SEA-a1
0.50 a -28.69 -124.29
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
4 - Passenger deck
15 36.78 100.0 6.0 0.0 0.0 ST355 0.600 3.000 100
31.56 15.98 28.64 420 5.88 SEA-a1
5.00 0.58 420 5.88 SEA-a1
95.08 31.35 420 5.88 SEA-a1
0.50 # -28.64 -124.29
16 36.67 100.0 6.0 0.0 0.0 ST355 0.550 3.000 100
31.48 14.78 28.58 420 5.88 SEA-a1
5.00 0.54 420 5.88 SEA-a1
99.28 31.29 420 5.88 SEA-a1
0.50 # -28.58 -132.64
17 36.67 100.0 6.0 0.0 0.0 ST355 0.550 3.000 100
31.48 14.78 28.54 420 5.88 SEA-a1
5.00 0.54 420 5.88 SEA-a1
99.28 31.24 420 5.88 SEA-a1
0.50 a -28.54 -132.64
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship

Xx=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
5 - Sun deck
1 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2
0.00 a -30.42 -145.20
2 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2
0.00 a -30.42 -145.20
3 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2
0.00 a -30.42 -145.20
4 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2
0.00 a -30.42 -145.20
5 797.41 450.0 7.0 100.0 10.0 ST235 0.600 3.000 65
777.61 0.00
31.54 0.00
182.10 33.31 0.00 0.00 BULK 5-a2
0.00 a -30.42 -120.26
6 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2
0.00 a -30.42 -145.20
7 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2
0.00 a -30.42 -145.20
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
5 - Sun deck
8 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2

0.00 a -30.42 -145.20

9 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2

0.00 a -30.42 -145.20

10 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 65
34.25 0.00
6.04 0.00
134.67 33.31 0.00 0.00 BULK 5-a2

0.00 a -30.42 -145.20

1" 35.62 100.0 6.0 00 0.0 ST235 0.550 3.000 65
34.11 0.00
6.04 0.00
142.06 33.31 0.00 0.00 BULK 5-a2
0.00 [a— -30.42 -148.58
12 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 65
30.62 17.09  26.01 3.15 4.41 SEA-a1
5.00 0.61 3.15 4.41 SEA-a1
99.94 33.27 3.15 4.41 SEA-a1
0.50 a -30.39 -140.29
13 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 65
30.62 17.09  25.98 3.15 441 SEA-a1
5.00 0.61 3.15 4.41 SEA-a1
99.94 33.23 3.15 4.41 SEA-a1
0.50 a -30.35 -140.29
14 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 65
30.62 17.09  25.95 3.15 441 SEA-a1
5.00 0.61 3.15 4.41 SEA-a1
99.94 33.19 3.15 4.4 SEA-a1

0.50 a -30.32 -140.29
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
5 - Sun deck
15 35.61 100.0 6.0 0.0 0.0 ST235 0.550 3.000 65
30.52 15.81 25.92 3.15 441 SEA-a1
5.00 0.56 3.15 4.41 SEA-a1
106.38 33.15 3.15 4.41 SEA-a1
0.50 a -30.28 -144.16
16 35.61 100.0 6.0 0.0 0.0 ST235 0.550 3.000 65
30.52 15.81 25.89 3.15 441 SEA-a1
5.00 0.56 3.15 4.41 SEA-a1
106.38 33.12 3.15 4.41 SEA-a1
0.50 a -30.25 -144.16
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION

File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
6 - Wheelhouse deck
1 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog
0.50 a -7.06 -138.36
2 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog
0.50 a -7.06 -138.36
3 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog
0.50 a -7.06 -138.36
4 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog
0.50 a -7.06 -138.36
5 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog
0.50 a -7.06 -138.36
6 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog
0.50 a -7.06 -138.36
7 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog
0.50 a -7.06 -138.36
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

6 - Wheelhouse deck

8 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog

0.50 a -7.06 -138.36

9 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog

0.50 a -7.06 -138.36

10 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 10
30.67 0.00
5.00 0.00
136.59 5.41 0.00 0.00 FLOOD 7-Flog

0.50 a -7.06 -138.36

1" 35.62 100.0 6.0 00 0.0 ST235 0.550 3.000 10
30.57 0.00
5.00 0.00
149.48 5.41 0.00 0.00 FLOOD 6-Flog
0.50 {a— -7.06 -142.40
12 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 10
30.66 9.25 6.04 1.87 2.62 SEA-a1
5.00 0.36 1.87 2.62 SEA-a1
116.73 7.72 1.87 2.62 SEA-a1
0.50 a -7.05 -138.36
13 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 10
30.66 9.25 6.03 1.87 2.62 SEA-a1
5.00 0.36 1.87 2.62 SEA-a1
116.73 7.72 1.87 2.62 SEA-a1
0.50 a -7.05 -138.36
14 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 10
30.66 9.25 6.03 1.87 2.62 SEA-a1
5.00 0.36 1.87 2.62 SEA-a1
116.73 7.71 1.87 2.62 SEA-a1

0.50 a -7.04 -138.36
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

6 - Wheelhouse deck

15 35.74 1000 60 0.0 0.0 ST235 0.600 3.000 10
30.66 925  6.02 1.87 2.62 SEA-af
5.00 0.36 1.87 2.62 SEA-a1
11673 770 1.87 2.62 SEA-a1
0.50 a -7.04 -138.36
16 35.61 1000 60 0.0 0.0 ST235 0550 3.000 10
30.56 856  6.02 1.87 262 SEA-af
5.00 0.33 1.87 2.62 SEA-a1
12231 770  1.87 2.62 SEA-a1
0.50 a 7.03 -142.38
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Dora

BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

7 - Inner Side 6000

1 61.72 120.0 80 0.0 0.0 ST235 0.700 3.000 100
55.86 |*| 61.54 14.69 20.61 7.06 FLOOD 1-FI09
8.40 2.30 2061 7.06 FLOOD 1-FIOﬁ
60.38 13.84 20.61 7.06 FLOOD 1-Flog

0.50 a -17.72  -159.67

2 57.19 120.0 70 0.0 0.0 ST235 0.740 3.000 100
51.27 47.63 11.50 13.57 7.06 FLOOD 1-FI09
7.20 1.81 13.57 7.06 FLOOD 1-FIO€
67.65 10.84 13.57 7.06 FLOOD 1-Flog

0.50 a -13.87 -154.70

3 139.72 150.0 200 0.0 0.0 ST235 0.697 3.000 100
130.63 30.67 7.94 7.06 7.06 FLOOD 1-FI09
28.50 1.18 7.06 7.06 FLOOD 1-FIO€
149.67 7.48 7.06 7.06 FLOOD 2-Flog

0.50 a -0.58 -184.43
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

8 - Superstructure side
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
9 - Superstructure top
1 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 30
23.40 0.00
2.97 0.00
134.04 21.28 0.00 0.00 BULK 5-a2
1.50 a -19.44 -125.90
2 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 30
23.40 0.00
2.97 0.00
134.04  21.28 0.00 0.00 BULK 5-a2
1.50 a -19.44 -125.90
3 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 30
23.40 0.00
2.97 0.00
134.04 21.27 0.00 0.00 BULK 5-a2
1.50 a -19.43 -125.89
4 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 30
23.40 0.00
2.97 0.00
134.04  21.26 0.00 0.00 BULK 5-a2
1.50 a -19.42 -125.89
5 797.41 450.0 7.0 100.0 10.0 ST235 0.600 3.000 30
520.32 0.00
18.08 0.00
218.09 21.25 0.00 0.00 BULK 5-a2
1.50 a -19.41  -54.42
6 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 30
23.40 0.00
2.97 0.00
134.04 21.24 0.00 0.00 BULK 5-a2
1.50 a -19.40 -125.89
7 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 30
23.40 0.00
2.97 0.00
134.04 21.23 0.00 0.00 BULK 5-a2
1.50 a -19.39 -125.89
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

9 - Superstructure top

8 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 30
23.40 0.00
297 0.00
134.04 21.22 0.00 0.00 BULK 5-a2

1.50 a -19.38 -125.89

9 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 30
23.40 0.00
297 0.00
134.04  21.21 0.00 0.00 BULK 5-a2

1.50 a -19.37 -125.89

10 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 30
23.40 0.00
297 0.00
134.04  21.20 0.00 0.00 BULK 5-a2

1.50 a -19.36 -125.89

1" 35.61 100.0 6.0 0.0 0.0 ST235 0.550 3.000 30
23.35 0.00
2.97 0.00
138.74  21.19 0.00 0.00 BULK 5-a2
1.50 a -19.35 -131.17
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BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
10 - Sun deck side
1 63.77 150.0 10.0 0.0 0.0 ST235 0.225 3.000 O
56.42 0.00
13.50 0.00
0.00 0.00 0.00 0.00 -
0.50 0.00 -181.31

o
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
11 - Wheelhouse deck side
1 30.47 100.0 10.0 0.0 0.0 ST235 0.225 3.000 O
26.91 0.00
9.00 0.00
0.00 0.00 0.00 0.00 -
0.50 a 0.00 -157.67
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

12 - Side girder 3000

Dora Page 131



BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

13 - Centar girder
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m
1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
14 - Wheelhouse top
1 723.95 350.0 7.0 150.0 10.0 ST235 0.600 3.000 O
711.57 0.00
24 .54 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -169.90
2 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 O
34.30 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -143.51
3 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 O
34.30 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -143.51
4 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 O
34.30 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -143.51
5 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 O
34.30 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -143.51
6 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 O
34.30 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -143.51
7 35.74 100.0 6.0 0.0 0.0 ST235 0.600 3.000 O
34.30 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -143.51
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

14 - Wheelhouse top

8 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 O
34.30 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -

0.00 a 0.00 -143.51

9 35.74 100.0 6.0 00 0.0 ST235 0.600 3.000 O
34.30 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -

0.00 a 0.00 -143.51

10 35.61 100.0 6.0 00 0.0 ST235 0.550 3.000 O
34.17 0.00
6.03 0.00
0.00 0.00 0.00 0.00 -

0.00 a 0.00 -147.01

1" 27.86 100.0 10.0 0.0 0.0 ST235 0.120 3.000 O
24.55 0.00
9.00 0.00
0.00 0.00 0.00 0.00 -
0.50 a 0.00 -162.58
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BV RULES - Mars Rule 2000 v2.9p Ship : New Ship
Section : RO MIDSHIP SECTION x=46.35m
File : d:\diplomski\metro.ma2 1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case

CAdd DFatActu. DFatRule Case sigApBu sigCritBu

15 - Wheelhouse side

1 73.28 150.0 10.0 0.0 0.0 ST235 1.234 3.000 O
72.95 0.00
14.77 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -165.64
2 7317 150.0 10.0 0.0 0.0 ST235 1.195 3.000 O
72.84 0.00
14.77 0.00
0.00 0.00 0.00 0.00 -
0.00 a 0.00 -166.58
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Dora

BV RULES - Mars Rule 2000 v2.9p

Section : RO MIDSHIP SECTION
File : d:\diplomski\metro.ma2

Ship : New Ship
x=46.35m

1/11/2024

Local Rule Requirements - Stiffener

N° WGACctu. H, E, H, E, Mat Spac Span Bend.Eff.
WNetActu.| | WNetRule SigX1 pPS pw Case
ANetActu. | | ANetRule ps pw Case
Sigu SigX1 ps pw Case
CAdd DFatActu. DFatRule Case sigApBu sigCritBu
16 - Outher shell_plitted
1 36.97 100.0 6.0 0.0 0.0 ST235 0.700 3.000 100
31.71 25.45 4.88 0.00 10.11 SEA-c+
5.00 1.00 0.00 10.11 SEA-a1
84.97 5.41 0.00 10.11 SEA-c+
0.50 | ¢ -488 -110.09
2 36.47 100.0 6.0 0.0 0.0 ST235 0.700 3.000 100
31.28 25.37 4.18 0.00 10.11 SEA-c+
5.00 1.00 0.00 10.11 SEA-a1
87.81 4.68 0.00 10.11 SEA-c+
0.50 # -4.18 -120.01
3 36.47 100.0 6.0 0.0 0.0 ST235 0.700 3.000 100
31.28 25.67 6.72 0.00 10.11 SEA-c+
5.00 1.00 0.00 10.11 SEA-a1
87.81 7.39 0.00 10.11 SEA-c+
0.50 W -6.72 -120.01
4 36.47 100.0 6.0 0.0 0.0 ST235 0.700 3.000 100
31.28 19.58 10.48 0.00 7.58 SEA-a1
5.00 0.75 0.00 7.58 SEA-a1
94.11 11.47 0.00 7.58 SEA-a1
0.50 [a— -10.48 -120.01
5 36.47 100.0 6.0 0.0 0.0 ST235 0.700 3.000 100
31.28 20.00 14.98 0.00 7.58 SEA-a1
5.00 0.75 0.00 7.58 SEA-a1
94.11 16.40 0.00 7.58 SEA-a1
0.50 a -14.98 -120.01
6 36.93 100.0 6.0 0.0 0.0 ST235 0.675 3.000 100
31.68 19.80 19.48 0.00 7.58 SEA-a1
5.00 0.72 0.00 7.58 SEA-a1
91.98 21.32 0.00 7.58 SEA-at
0.50 a -19.48 -112.87
7 141.14 150.0 20,0 0.0 0.0 ST235 0.700 3.000 100
132.13 15.58 23.66 0.00 5.66 SEA-a1
28.50 0.56 0.00 5.66 SEA-a1
165.68 25.90 0.00 5.66 SEA-a1
0.50 a -23.66 -183.81
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