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1. PODACI O NARUČITELJU I SLUŽBI ZADUŽENOJ ZA KONTAKT 
 
 -NARUČITELJ 

Naziv: HRVATSKI REGISTAR BRODOVA  
       Sjedište: Split, Marasovića 67. 

OIB: 04601923208 
Tel. / faks:  021 408 111;  021 358 159 
Internetska adresa:              www.crs.hr      
Adresa e-pošte: constr.hull@crs.hr 

 
-OSOBA ZADUŽENA ZA KONTAKT 
Za informacije u svezi predmetnog natjecanja mogu se dobiti u Sektoru Konstrukcije: Andrija 
Rogulj, tel. 021 408 157,  021 408 190, E-mail: andrija.rogulj@crs.hr 
 
2. EVIDENCIJSKI BROJ NABAVE 
JED 23/2017 
 
3. POSTUPAK, OPIS,  PREDMET NABAVE I OPSEG 
-Postupak: Za sklapanje ugovora javni naručitelj provodi postupak jednostavne nabave 
opisan u Okružnici o nabavi robe i usluga procijenjene vrijednosti do 200.000,00, odnosno za 
nabavu radova do 500.000,00 kuna. Na temelju članka 12.  Zakona o javnoj nabavi  naručitelj 
za navedenu nabavu nije obvezan provoditi postupke javne nabave propisane Zakonom o 
javnoj nabavi.  
Poziv na dostavu ponuda stavljen je na raspolaganje na internetskoj stranici naručitelja 
www.crs.hr  
Sve eventualne izmjene poziva za dostavu ponuda biti će objavljene na istoj internetskoj 
stranici naručitelja. Naručitelj ne vodi evidenciju o ponuditeljima koji su preuzeli Poziv na 
dostavu ponuda na njegovim internetskim stranicama.  
Naručitelj zadržava pravo poništiti ovaj postupak nabave u bilo kojem trenutku, odnosno ne 
odabrati niti jednu ponudu, bez ikakvih obveza ili naknada bilo koje vrste prema 
ponuditeljima. 
-Opis: Usluge nadogradnje, ažuriranja i održavanja računalnog programskog paketa CREST za 
potrebe Hrvatskog registra brodova (dalje u tekstu: naručitelj). 
-Predmet nabave: Predmet ovog zahtjeva je usluga ažuriranja, nadogradnje  i daljnjeg 
održavanja računalnih programa za proračunsku provjeru brodskih konstrukcija prema 
pravilima HRB-a, Dio 2.-Trup, koja čine integralni dio ove dokumentacije za nadmetanje (u 
prilogu), (u daljnjem tekstu: softver) 
-Opseg: Zahtijevana usluga obuhvaća ažuriranje, nadogradnju i održavanje postojećeg 
softvera CREST  (CREST programski moduli + MAESTRO) na suvremenoj programskoj 
platformi prilagođenoj korisnicima za računalni operativni sustav Microsoft Windows 8 
(minimalno). 
 
 
 
 
 
 

http://www.unist.hr/
mailto:constr.hull@crs.hr
mailto:andrija.rogulj@crs.hr
http://www.unist.hr/
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4. TEHNIČKA SPECIFIKACIJA 
 
Predmetni softver mora sadržavati najmanje sljedeće: 
 

• računalne module za preskriptivne proračune prema pravilima HRB-a, Dio 2.-Trup, 
izdanje 2018, uključujući module za: 
• provjeru minimalnih dimenzija elemenata trupa u svim područjima 
konstrukcije,  
• opterećenja konstrukcije,  
• provjeru uzdužne čvrstoće, 
• provjeru poprečne i lokalne čvrstoće,  
• provjeru granične čvrstoće, 
• provjeru zamora (fatigue), 
• provjeru izvijanja. 

• prilagođeno korisničko sučelje za modeliranje, predprocesiranje i poslijeprocesiranje 
razmatranog 2D poprečnog presjeka (glavno rebro)  s prikazom dobivenih rezultata 
proračuna, 

• prilagođeno korisničko sučelje za izradu trodimenzionalnih MKE (3D) modela brodske 
konstrukcije, 

• MKE rješavač (solver) za provjeru odziva brodske konstrukcije (2D i 3D), prema 
kriterijima i faktorima sigurnosti/podobnosti u pravilima HRB-a, Dio 2.-Trup, izdanje 
2018, 

• odgovarajuće korisničke priručnike. 

Primjenjivi zahtjevi HRB-a 

U prilogu su dani zahtjevi kojima je potrebno udovoljiti i koje je potrebno uzeti u obzir 
prilikom izrade sofvera 

1. Rules for the classification of ships, Part 2 – Hull, izdanje 2018 (Prilog 1). 

Izrada, verifikacija, validacija i isporuka softvera  
 

Tijekom izrade softvera, a prije isporuke potrebno je isti verificirati i validirati na s 
Naručiteljem dogovorenim referentnim primjerima. 
 
Održavanje softvera 
 
Održavanje predmetnog softvera za prvu godinu mora biti uključeno u cijenu softvera. 
 
 
 
5. PROCIJENJENA VRIJEDNOST NABAVE 
190.000,00 kn bez PDV-a. 
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6. MJESTO ISPORUKE PREDMETNE NABAVE 
Hrvatski registar brodova, Marasovića 67, 21000 Split. 
 
7. DULJINA TRAJANJA UGOVORA  
Ugovor se sklapa na rok od 12 mjeseci nakon obostranog potpisa. 
 
8. NAČIN IZRAČUNA CIJENE ZA PREDMET NABAVE, SADRŽAJ I NAČIN PROMJENE CIJENE 
Cijena ponude izražava se za cjelokupan predmet nabave. Cijena ponude treba biti izražena u 
kunama bez poreza na dodanu vrijednost (PDV-a). 
Cijena ponude piše se brojkama. 
U cijenu ponude moraju biti uračunati svi popusti i svi troškovi, takse i ostala davanja te 
zavisni troškovi koje je ponuditelj obvezan izvršiti iz bilo kojeg razloga, bez poreza na dodanu 
vrijednost, koji se iskazuje zasebno iza cijene ponude.  
Ukupnu cijenu ponude čini cijena ponude s porezom na dodanu vrijednost (PDV).  
Cijena je nepromjenjiva za vrijeme trajanja ugovora. 
 
9. ROK, NAČIN  I UVJETI PLAĆANJA 
Plaćanje se vrši u roku od 30 dana od dana zaprimanja računa nakon isporuke softvera. 

 
10.  KRITERIJ ODABIRA PONUDE 
Kriterij za odabir ponude je najniža cijena. 
 
11.  ROK VALJANOSTI PONUDE 
Rok valjanosti ponude je 90 dana od dana određenog za dostavu ponude.   

 
12.  DOKAZI SPOSOBNOSTI 
 
U ovom postupku nabave potrebno je ispuniti dolje navedene uvjete pravne i poslovne 
sposobnosti te tehničke i stručne sposobnosti: 
 

• PRAVNA I POSLOVNA SPOSOBNOST 

Svaki ponuditelj mora dokazati svoj upis u sudski, obrtni, strukovni ili drugi odgovarajući 
registar države sjedišta gospodarskog subjekta. 

Upis u registar dokazuje se odgovarajućim izvodom, a ako se oni ne izdaju u državi sjedišta 
gospodarskog subjekta, gospodarski subjekt može dostaviti izjavu s ovjerom potpisa kod 
nadležnog tijela. 
Navedenom ispravom gospodarski subjekt dokazuje da ima registriranu djelatnost u svezi s 
predmetom nabave.  
 
 
 
 
 

• TEHNIČKA I STRUČNA SPOSOBNOST 
Tehnička i stručna sposobnost za izvršenje ugovora dokazuje se: 
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Izjavom gospodarskog subjekta da je opremljen odgovarajućim tehničkim sredstvima te da 
raspolaže s osobama koje posjeduju strukovnu sposobnost, stručno znanje i iskustvo 
potrebno za izvršenje usluga koje su predmet nabave . 
 
(Izjava o tehničkoj i kadrovskoj sposobnosti daje se kao prilog ovog poziva: Obrazac br. 2)   
 
13.  SADRŽAJ PONUDE 
 Ponudu mora sačinjavati: 

• popunjen, pečatom i potpisom ovjeren ponudbeni list  (Obrazac br. 1) 
• traženi dokazi sposobnosti. 

 
14.  NAČIN IZRADE  PONUDE 
Ponuda i specifikacija se predaje u izvorniku, a svi dokumenti koje naručitelj zahtjeva mogu 
se dostaviti u izvorniku, ovjerenoj preslici ili neovjerenoj preslici.  
U slučaju postojanja sumnje u istinitost podataka navedenih u dokumentima koje su 
ponuditelji dostavili, naručitelj može radi provjere istinitosti podataka: 
– od ponuditelja zatražiti da u primjerenom roku dostave izvornike ili ovjerene preslike tih 
dokumenata i/ili 
– obratiti se izdavatelju dokumenta i/ili nadležnim tijelima. 
Ponuda se izrađuje na način da čini cjelinu.  
Ponuda se uvezuje na način da se onemogući naknadno vađenje ili umetanje listova. 
Dijelove ponude potrebno je uvezati u jednu cjelinu jamstvenikom sa žigom na poleđini i 
označiti rednim brojem stranica. 
Stranice ponude se označavaju brojem na način da je vidljiv redni broj stranice i ukupan broj 
stranica ponude.  
Ponude se pišu neizbrisivom tintom. 
Ispravci u ponudi moraju biti izrađeni na način da su vidljivi. Ispravci moraju uz navod 
datuma ispravka biti potvrđeni potpisom ponuditelja. 
Ponuda se izrađuje na hrvatskom jeziku na latiničnom pismu.  
Naručitelj ne snosi bilo kakve troškove u svezi sa pripremom i dostavom ponude, odnosno 
sudjelovanjem gospodarskog subjekta u ovom postupku.  
 
15.  ROK I NAČIN DOSTAVE PONUDE 
Krajnji rok za dostavu ponuda je  26. siječnja 2018. godine do 14:00 sati bez obzira na način 
dostave i vrijeme slanja. Otvaranje ponuda nije javno. 
Ponuda se dostavlja u zatvorenoj omotnici na adresu naručitelja. Na omotnici ponude mora 
biti naznačeno: 
- Naziv i adresa naručitelja (Hrvatski registar brodova, Marasovića 67, 21000 Split) 
- Naziv i adresa ponuditelja (………………………….) 
- Evidencijski broj nabave (JED 23/2017) 

Naziv predmeta nabave na koji se ponuda odnosi (NADOGRADNJA, AŽURIRANJE I 
ODRŽAVANJE RAČUNALNOG PROGRAMSKOG PAKETA CREST ) 
- Naznaka „ne otvaraj“. 
 

Ponude dostavljene na temelju objavljenog poziva za dostavu ponude na internetskim 
stranicama, uzimaju se u razmatranje pod istim uvjetima kao i ponude dostavljene na 
temelju poziva na dostavu ponude upućenog gospodarskim subjektima. 
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U roku za dostavu ponude, ponuditelj može izmijeniti svoju ponudu, nadopuniti je ili od nje 
odustati. U slučaju da do isteka roka za dostavu ponuda ponuditelj istu izmijeni i/ili dopuni, 
izmjena i/ili dopuna ponude dostavlja se na isti način kao i osnovna ponuda s obveznom 
naznakom da se radi o izmjeni i/ili dopuni ponude. Ponuditelj može u roku za dostavu 
ponuda pisanom izjavom i odustati od svoje ponude u kojem slučaju može istodobno 
zahtijevati povrat svoje neotvorene ponude. 

 
16.  OSTALO 
Objašnjenja: 
Za vrijeme roka za dostavu ponuda gospodarski subjekti mogu zahtijevati objašnjenja i 
izmjene vezane za poziv na dostavu ponuda, a naručitelj je dužan odgovor staviti na 
raspolaganje na istim internetskim stranicama na kojima je objavio poziv na dostavu ponuda 
bez navođenja podataka o podnositelju zahtjeva.  
 
Rok za dostavu obavijesti o rezultatima predmetne nabave: 
Pisanu obavijest o rezultatima nabave Naručitelj će dostaviti ponuditeljima u roku 10 dana 
od dana isteka roka za dostavu ponuda. 
 
17.  DATUM OBJAVE DOKUMENTACIJE NA INTERNETSKIM STRANICAMA: 
 
29.12.2017. 
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PONUDBENI LIST (OBRAZAC BR.1)                                       
PONUDA  BR.___________ 
                                                        

PREDMET NABAVE:  NADOGRADNJA, AŽURIRANJE I ODRŽAVANJE RAČUNALNOG 
PROGRAMSKOG PAKETA CREST, JED 23/2017 
NAZIV I SJEDIŠTE NARUČITELJA: Hrvatski registar brodova, Marasovića 67, 21 000 
Split 
PONUDITELJ: 

Naziv ponuditelja  
  
  

Adresa sjedišta ponuditelja 
(tvrtka) 

  
  

OIB: 
   IBAN:  
Da li je ponuditelj u sustavu 
PDV-a (zaokružiti): 

DA NE 

Adresa za dostavu pošte:   
Adresa e-
pošte:  

Osoba za kontakt: 
(ime, prezime i funkcija) 

  
  

Broj telefona:   
Broj 
telefaksa:  

Ime, prezime i stručna kvalifikacija osobe odgovorne 
za izvršenje ugovora  

 
CIJENA PONUDE ZA PREDMET NABAVE: 

 
CIJENA ZA PREDMET NABAVE BEZ PDV- a* 
/ BROJKAMA: 

 

IZNOS PDV-a** /brojkama:  
 

CIJENA ZA PREDMET NABAVE S PDV-om/brojkama 
 

 

Rok valjanosti ponude:   90   dana od dana određenog za dostavu ponuda 
Trajanje ugovora:   12 mjeseci    od dana obostranog potpisa ugovora. 

 
U……………….., dana…………………………2018.  god. 
 

                                              M.P.     
                            

....………………………………………………….. 
     (ime, prezime i potpis osobe ovlaštene za zastupanje ponuditelja) 

 
 
*Cijena se izražava u kunama. U cijenu ponude moraju biti uračunati svi troškovi i popusti. 
**Ako ponuditelj nije u sustavu PDV-a ili je predmet nabave oslobođen PDV-a,  u ponudbenom listu na mjesto predviđeno za upis cijene 
ponude s PDV-om, upisuje se isti iznos kao što je upisan na mjestu predviđenom za upis cijene ponude bez PDV-a,  a mjesto predviđeno za 
upis iznosa PDV-a ostavlja se prazno. 
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IZJAVA O TEHNIČKOJ I KADROVSKOJ SPOSOBNOSTI (Obrazac br. 2) 
 
 
 
 
Ja......................................, kao osoba ovlaštena za zastupanje…................................................ 
        (ime i prezime ovlaštene osobe)                                                                                             (naziv i sjedište ponuditelja)  

u svrhu dokazivanja tehničke i stručne sposobnosti u postupku nabave usluga 
NADOGRADNJA, AŽURIRANJE I ODRŽAVANJE RAČUNALNOG PROGRAMSKOG PAKETA CREST, 
JED 23/2017, pod kaznenom i materijalnom odgovornošću  
 

 

I Z J A V L J U J E M 

 

• da raspolažem tehničkim sredstvima i osobama (stručnjacima/tehničkim odjelima) 
koje posjeduju strukovnu sposobnost, stručno znanje i iskustvo potrebno za uspješno 
izvršenje predmetne nabave. 

 
 
 
 
 
U ……………………………………, dana ………………………2018. god. 
 
 
 
 
 

M.P.  

 

        ……………………………………………….
       (potpis osobe ovlaštene za zastupanje ponuditelja) 
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HRVATSKI REGISTAR BRODOVA 
CROATIAN REGISTER OF SHIPPING 

1. HISTORICAL RECORD 

 Croatian Register of Shipping (hereinafter referred to as 
CRS) is a heritor of ship classification activities at the 
eastern Adriatic coast. 

 The Austrian Veritas was founded in this area, already in 
1858, as the third classification society in the world. 

 In 1918 the Austrian Veritas changed its name into the 
Adriatic Veritas and was acting as such till year 1921. 

 CRS, acting till 1992 as JR (Yugoslav Register of 
Shipping), was founded in 1949. 

 CRS Head Office is situated in Split, Republic of 
Croatia. 

 CRS is the classification society, member of 
International Association of Classification Societies 
(IACS), starting from May 2011. 
From April 1973 till January 2005, when IACS generally 
discontinued associate status, CRS was an associate 
IACS member. 

 CRS is the recognised classification society (RO) 
pursuant to the requirements of the Regulation (EC) No. 
391/2009 of the European Parliament and of the Council 
on common rules and standards for ship inspection and 
survey organisations. 

 CRS is the conformity assessment notified body notified 
under provisions of the Council Directive 2013/53/EU 
related to recreational craft. 

 CRS is the conformity assessments notified body 
notified under provisions of the Council Directive 
2014/90/EU on marine equipment. 

 CRS is the conformity assessments notified body noti-
fied under provisions of the Council Directive 
2014/68/EU (PED) on pressure vessels. 
CRS is the conformity assessments notified body 
notified under provisions of the Council Directive 
2014/29/EU (SPVD) on simple pressure vessels. 

 CRS is certified by British Standards Institution (BSI) 
confirming that CRS operates the Quality Management 
System which complies with the requirements of BS EN 
9001:2008 for the scope of classification and statutory 
certification of ships, statutory certification of marine 
equipment and recreational crafts, and BSI Annual 
Statement of Compliance confirming that CRS Quality 
Management System complies with IACS Quality 
System Certification Scheme.  

2. STATUS 

 CRS is an independent, not for profit but common 
welfare oriented, public foundation performing: 
 classification of ships; 
 statutory certification of ships on behalf of the 

national Maritime Administrations; 
 statutory certification of recreational crafts; 
 certification of materials and products; 
 conformity assessment of recreational crafts; 
 conformity assessment of marine equipment; 
 conformity assessment of pressure vessels; 
 certification / registration of quality management 

systems. 
 The present status of CRS is defined by the Law on 

Croatian Register of Shipping (OFFICIAL GAZETTE 
No. 1996/81, as amended with No. 2013/76) and Charter 
of CRS. 

3. MISSION 

 CRS mission in the field of classification and statutory 
certification is to promote the highest internationally 
adopted standards in the safety of life and property at sea 
and inland waterways, as well as in the protection of the 
sea and inland waterways environment. 

4. LIABILITY 

1. CRS is neither, and nor may be considered as, an 
Underwriter, Consulting Engineer, Naval Architect, 
Shipbuilder, Shipowner or Operator, and cannot assume 
or be exposed to the obligations and responsibilities 
incumbent on such functions, even though experience of 
CRS enables it to answer enquiries concerning matters 
not covered by its Rules, Recommendations, Guidance 
notes, Instructions, Documents or other evidence. 

2. Practices and procedures of CRS are selected by CRS in 
its sole and absolute discretion based on its experience 
and knowledge, and in conformity with generally 
accepted professional standards in the relevant field of 
the classification Societies. 

3. Nothing contained herein, or in any information, report, 
certificate or like document issued in connection with or 
pursuant to the performance by CRS of its services, shall 
be deemed to relieve any designer, naval architect or 
engineer, shipbuilder or manufacturer, shipyard, seller, 
supplier, contractor or subcontractor, repairer, or owner, 
operator, manager or any other person or entity from any 
warranty or other contractual obligations or 
responsibilities, expressed or implied or from any 
negligent act, error or omission whatsoever, nor may 
create any right, claim or benefit to any third party. 

4. CRS shall exercise due diligence in selection or 
appointment of its surveyors and all other personnel 
whose attendance and work is employed or engaged for 
the purpose of performing its services. 

5. Nevertheless, if any person or entity uses services of 
CRS and suffers loss, damage or expenses thereby, 
which is attributable or proved to have been caused by 
any negligent act, omission or error of the surveyors, 
servants, agents, appointees, officers, managers or 
directors of CRS or purporting to act in the name and on 
behalf of CRS, or any negligent inaccuracy, advice, 
report or evidence is given by or in the name or/and on 
behalf of CRS, then the liability of CRS is limited in 
respect of any direct or indirect claim whatsoever to an 
amount not exceeding five times the amount of the fee 
charged or chargeable by CRS for the relevant service. 

6. Where the fees are related to a number of services, the 
amount of fees shall be apportioned for the purpose of 
the calculation of the maximum compensation of the 
limited liability, as established by the preceding 
paragraph, in accordance with the estimated time 
involved in the performance of each service. 

7. Any liability for consequential damages is expressly 
excluded. 

8. These rules (General Conditions) are construed and 
interpreted in accordance with the English Law. 

9. Any dispute arising out of the services rendered by CRS 
shall be referred to the Permanent Arbitration Court with 
the Croatian Chamber of Commerce in Zagreb, Republic 
of Croatia. 
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REVIEW OF AMENDMENTS IN RELATION TO PREVIOUS  

EDITION OF THE RULES 

RULES FOR THE CLASSIFICATION OF SHIPS 
Part 2 – HULL 

All major changes throughout the text in respect to the Rules for the classiffication of ships, Part 2 – Hull, 
edition 2016, throughout the text are shaded. 

Items not being indicated as corrected have not been changed. 

The grammatical and print errors, have also been corrected throughout the text of subject Rules but are not 
indicated as a correction. 
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The subject Rules include the requirements of the following international Organisations:: 

International Maritime Organization (IMO) 

Conventions: International Convention for the Safety of Life at Sea 1974 (SOLAS 1974) and all subsequent 
amendments up to and including the 2012 amendments (MSC.341(91), 342(91)) 
Protocol of 1988 relating to the International Convention for the Safety of Life at Sea 1974, as 
amended (SOLAS PROT 1988) 
International Convention for the Prevention of Pollution from Ships 1973, as modified by the Pro-
tocol of 1988 thereto (MARPOL 73/78) and all subsequent amendments up to and including the 
2006 amendments ((MEPC.141(54)) 

 

 

International Association of Classification Societies (IACS) 

 
Unified Requirements (UR): F1 (Rev.1, 2002), F2 (Rev.2, 2012), M76 (2016), S1 (Rev.7, 2010), S1A (Rev.6, 2010), S2 
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1 GENERAL REQUIREMENTS 

1.1 APPLICATION 

1.1.1 The present Part of the Rules applies to steel 
ships and floating facilities of welded construction, whose ra-
tios of main dimensions are taken within the limits given in 
Table 1.1.1. 

For areas of navigation see Rules for the classi-

fication of ships, Part 1 - General requirements, Chapter 1- 
General information, Section 4.2. 

Table 1.1.1 

Ratio 
Area of navigation 

1 2 3 4 5 -8  

Length/depth 
L/D 

18 18 19 20 20 

Breadth/depth 1) 
B/D  

2,5 2,5 3 3 4 

1) For vessels of dredging fleet, not more than 3.0. For 
floating cranes, not less than 4,5 

1.1.2 The scantlings of hull members, essential to the 
strength of ships and floating facilities whose construction 
and dimensions are not regulated by the present Rules are 
subjected to special consideration by the CROATIAN 

REGISTER OF SHIPPING (hereafter referred to as: the 
Register). 

1.2 DEFINITIONS 

Definitions and explanations relating to the 
general terminology of the Rules are given in the Rules, Part 

1 - General requirements, Chapter 1- General information. 

For the purpose of the present Part of the Rules 
the following definitions have been adopted. 

1.2.1 Types of ships 

For the types of ships see Rules, Part 1 - Gen-

eral requirements, Chapter 1- General information, Section 
4.2 

1.2.2 Basic definitions 

1.2.2.1 Summer load waterline - waterline on the lev-
el of the centre of the freeboard mark, for ship's position 
without permanent trim and heel 

1.2.2.2 Forward perpendicular - is the perpendicular 
at the intersection of the summer load waterline with the fore 
side of the stem. 

1.2.2.3 After perpendicular - is the perpendicular at 
the intersection of the summer load waterline with the after 
side of the rudder post. For the ships without a rudder post, 
the A.P. is the perpendicular at the intersection of the water-
line with the centreline of the rudder stock. 

1.2.2.4 Midship section - the hull section at the middle 
of ship's length L. 

1.2.2.5 Midship region - the part of ship's length; 0,2 
L aft and 0,2 L forward of amidship (unless expressly provid-
ed otherwise). 

1.2.2.6 Ship's ends - portions of the ship's length from 
0,05L abaft perpendiculars to the ship's ends. 

1.2.2.7 Machinery space aft - corresponds to the posi-
tion of the mid-length of the machinery space beyond 0,3 L 
aft of amidships. 

1.2.3 Main dimensions 

1.2.3.1 Length of ship, L - distance, in [m], measured 
on the summer load waterline from the fore side of the stem 
to the after side at the rudder post, or the centre of the rudder 
stock, if there is no rudder post. L are not to be smaller than 
96% and are not to be greater than 97% of the ship's length 
on the summer load water line. 

In ships with unusual stem or stern arrange-
ments the length of ship, L, will be specially considered. 

This requirement does not apply to CSR Bulk 
Carriers and Oil Tankers. 

1.2.3.2 Breadth of ship, B - greatest distance, in [m], 
measured amidships to the outside of frames. 

1.2.3.3 Depth of ship, D - the vertical distance, in [m], 
measured amidships from the base line, to the top of the deck 
beam at side on the uppermost continuous deck. In ships hav-
ing a rounded gunwale, the depth is measured to the point of 
intersection of the moulded lines of upper deck and side, the 
lines extending as though if the gunwale were of angular de-
sign. 

1.2.3.4 Draught of ship, d - the vertical distance, in 

[m], measured amidships from the top of the plate keel or bar 
keel to the summer load waterline. 

1.2.4 Decks and platforms 

1.2.4.1 Upper deck - the uppermost continuous deck 
extending the full length of the ship 

1.2.4.2 Strength deck - the deck forming the upper 
flange of the hull girder. The uppermost continuous deck or 
the deck of a midship superstructure of an effective length 
may be considered as the strength deck (see 4.1.3). 

1.2.4.3 Bulkhead deck - the deck to which the main 
transverse watertight bulkheads are carried. 

1.2.4.4 Freeboard deck - the deck from which the 
freeboard is calculated as stated in the ICLL (International 

Convention on Load Lines, 1966, as amended). 

1.2.4.5 Lower decks - the decks located below the up-
per deck. Where the ship has several lower decks, they are 
called: second deck, third deck etc., counting from the upper 
deck. 

1.2.4.6 Platform - lower deck which is extending over 
portions of the ship's length or breadth. 

1.2.4.7 Superstructure deck - deck forming the top of 
tier of superstructure. Where the superstructure has several 
tiers, the superstructure decks are called as follows: first tier 
superstructure deck, second tier superstructure deck, counting 
from the upper deck. 

1.2.4.8 Deckhouse top - deck forming the top at a tier 
of a deckhouse. Where the deckhouse has several tiers, the 
deckhouse tops are called as follows: first tier deckhouse top, 
second tier deckhouse top, etc. 
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1.2.5 Erections 

1.2.5.1 Superstructure - a decked structure on the up-
per deck, extending from side to side of the ship or with the 
side plating not being inboard of the shell plating more than 
4% of the breadth of the ship B. 

1.2.5.2 Deck house - a decked structure on the upper 
deck or superstructure deck with its side plating, on one side 
at least, being inboard of the shell plating by more than 4% of 
the breadth of the ship B and provided with doors, windows 
or other similar openings in the external bulkheads. 

1.2.5.3 Raised quarter deck - an aft part of upper 
deck, raised by deck, break to a height less than the standard 
height of superstructure. 

1.2.5.4 Trunk - a deck structure on the upper deck, not 
reaching at least one of the sides by a distance exceeding 4% 
of the breadth B and having no doors, windows or other simi-
lar openings in the external bulkheads. 

1.2.6 Explanations 

1.2.6.1 Block coefficient Cb - coefficient at draught d 
corresponding to summer load waterline, based on length L 
and breadth B, determined from the formula: 

[ ]
[ ]3

3

min,

min,draughtatntdisplacemesShip'

dBL

d
Cb

⋅⋅
=

    This requirement does not apply to CSR Bulk 
Carriers and Oil Tankers. 

1.2.6.2 Effective flange - is to have following size, un-
less provided otherwise: 

thickness: equal to the thickness of the associated plating in 
the designed section; 

width: equal to one sixth of the span of half the distance be-
tween the nearest framing members located on both sides of 
the given member, whichever is less. In separate cases, the 
effective flange of a different width may be adopted upon 
special agreement with the Register. 

1.2.6.3 Section modulus and moments of inertia - of 
framing members (about the central axis perpendicular to the 
plane of bending) apply to rolled and built-up framing mem-

bers with on effective flange, in [cm3] and [cm4], respective-
ly. 

1.2.6.4 The design characteristic of ship's hull material 

- is considered to be the yield stress ReH, in [N/mm2]. 

1.2.6.5 Rounding of the scantlings - of structural 
members (except for plates) is to be made in direction of in-
crease. Plate thickness is to be rounded to the full or half mil-
limetres up to 0,2 or 0,7; above 0,2 or 0,7 mm they are to be 
rounded up. Decreasing of the values for rolling materials is 
to be in accordance with the standard approved by Register. 

1.2.6.6 Watertight structure - is structure, which is 
watertight for liquids (cargo, ballast, fresh water etc.). 

1.2.6.7 Ship's speed, v – max. Ship’s speed, in [kN], at 
summer water line in calm water. 

1.2.6.8 Frame spacing, s - is spacing measured from 

moulding edge to moulding edge adjacent frames, in [m]. 

1.2.7 Navigation area limitations 

For determining the scantlings of the longitudi-
nal and transverse structures of ships intended to operate 
within one of the restricted service areas, the dynamic loads 
may be reduced as specified in Section 3 and 4. 

Navigation areas are defined in the Rules, Part 

1 - General requirements, Chapter 1 - General information, 
Section 4.2. 

1.3 SCOPE OF SUPERVISION 

1.3.1 The general provisions for supervision of the 
hull are set in the Rules, Part 1 - General requirements, 

Chapter 2 - Supervision during construction. 

1.3.2 All structures stated in following Sections shall 
be subjected to the supervision of the Register. Shipyards and 
manufacturers shall ensure easy access to the tested structure. 

1.3.3 Prior to beginning the manufacture of structures 
stated in 1.3.2 the technical documentation for the ship's hull 
should be submitted for approval according to the Rules, Part 

1-General requirements, Chapter 2 - Supervision during con-
struction and initial survey. 

1.3.4 During manufacture the structures mentioned in 
1.3.2 are subject to inspection for compliance with the re-
quirements of Rules, Part 24 - Non-metallic materials, Part 

25 - Metallic materials, Part 26 - Welding and for compli-
ance with the approved technical documentation listed in the 
Rules, Part - 1 - General requirements, Chapter 2 - Supervi-
sion during construction and initial survey. 

1.3.5 The pressure test of hull structures is to be car-
ried out according to the Rules, Part 1 - General require-

ments, Chapter 2 - Supervision during construction and initial 
survey. 

1.4 MATERIALS 

1.4.1 The materials used for hull structures regulated 
by this Section are to comply with the Rules, Part 25 - Metal-

lic materials and Part 26 - Welding. 

Manufacturing of the materials has to be super-
vised by the Register. 

1.4.2 Hull structural steel 

1.4.2.1 The material grade requirements for hull struc-
tural members of each class depending on the thickness are 
defined in Table 1.4.2.1. This Section provides for normal 
strength structural steel of grades CRS-A, CRS-B, CRS-D 
and CRS-E with yield strength ReH = 235 N/mm2, high 
strength structural steel of grades CRS-A32, CRS-D32, CRS-
E32 with yield strength ReH = 315 N/mm2, CRS-A36, CRS-
D36, CRS-E36 with yield strength ReH = 355 N/mm2, CRS-
D40 and CRS-E40 with yield strength ReH = 390 N/mm2. 

In Table 1.4.2.1 grades of the higher tensile 
steels are marked by the letter H. 
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Table 1.4.2.1 Material grade requirements for classes I, II and III 

Class I II III 

Thickness, [[[[mm]]]] MS HT MS HT MS HT 

t ≤15 CRS - A CRS - AH CRS - A CRS - AH CRS - A CRS - AH 

15 < t ≤ 20 CRS - A CRS - AH CRS - A CRS - AH CRS - B CRS - AH 

20 < t ≤ 25 CRS - A CRS - AH CRS - B CRS - AH CRS - D CRS - DH 

25 < t ≤ 30 CRS - A CRS - AH CRS - D CRS - DH CRS - D CRS - DH 

30 < t ≤ 35 CRS - B CRS - AH CRS - D CRS - DH CRS - E CRS - EH 

35 < t ≤ 40 CRS - B CRS - AH CRS - D CRS - DH CRS - E CRS - EH 

40 < t ≤ 50 CRS - D CRS - DH CRS - E CRS - EH CRS - E CRS - EH 

 
 

1.4.2.2 Material factor, k, 

1.4.2.2.1 For normal hull structural steel with yield 
strength ReH = 235 N/mm2 and a tensile strength Rm of 400 – 
520 N/mm2, the material factor, k, in the formulae of the fol-
lowing Sections is to be taken 1,0. 

1.4.2.2.2 The material factor, k, for groups of higher ten-
sile hull structural steel is defined as follows: 

These requirements do not apply to CSR Bulk 
Carriers and Oil Tankers. 

k = 0,78, for steel with ReH = 315 N/mm2, 

k = 0,72, for steel with ReH = 355 N/mm2, 

k =0,66, for steel with ReH = 390 N/mm2 provided 
that a fatigue assessment of the structure 
is performed to verify compliance with 
the requirements of the Register, 

k =0,68, for steel with ReH = 390 N/mm2 in other 
cases.. 

For higher tensile hull structural steel with oth-
er nominal yield strength (235 < ReH < 390 N/mm2 and ReH ≠ 
315 or 355 N/mm2), the material factor k may be determined 
by the following formula: 

k = 
60

295

+eHR
 

1.4.2.3 Materials in the various strength members are 
not to be of lower grade than those corresponding to the ma-
terial classes and grades specified in Table 1.4.2.1 to Table 
1.4.2.7. General requirements are given in Table 1.4.2.3, 
while additional minimum requirements are given in the fol-
lowing: 

Table 1.4.2.4: for ships with length exceeding 150 
m and single strength deck. 

Table 1.4.2.5: for ships with length exceeding 250 
m. 

Table 1.4.2.6: for single side bulk carriers subjected 
to SOLAS regulation XII/6.5.3. 

Table 1.4.2.7: for ships with ice strengthening. 

These requirements do not apply to CSR Bulk 
Carriers and Oil Tankers. 

For strength members not mentioned in Tables 
1.4.2.3 to 1.4.2.7, grade A/AH may generally be used. The 
steel grade is to correspond to the as-built plate thickness and 
material class. 

1.4.2.4 Plating materials for sternframes supporting the 
rudder and propeller boss, rudders, rudder horns and shaft 
brackets are in general not to be of lower grades than corre-
sponding to Class II. For rudder and rudder body plates sub-
jected to stress concentrations (e.g. in way of lower support 
of semi-spade rudders or at upper part of spade rudders) class 
III is to be applied. 

 Mechanical properties of clad steel, if it is used, 
are not to be less than defined in Table 1.4.2.1.  

Base material has to be of shipbuilding steel, in 
accordance with the Rules, Part 25 - Metallic material, 3.2. 

1.4.2.6 In case of high local stresses in the thickness di-
rection, use of “Z” grade of steel (steel with examined prop-
erties in thickness direction) is recommended. 
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Table 1.4.2.3 Material classes and grades for ships in general 

STRUCTURAL MEMBER CATEGORY MATERIAL CLASS/GRADE 

SECONDARY: 
 
A1.      Longitudinal bulkhead strakes, other than that belonging to the  
            Primary category 
A2.      Deck plating exposed to weather, other than that belonging to  
            the Primary or Special category 
A3.      Side plating 

 

 
- Class I within 0.4L amidships 
- Grade A/AH outside 0.4L amidships 

 

PRIMARY: 
 
B1.     Bottom plating, including keel plate 
B2.     Strength deck plating, excluding that belonging to the Special  
           category 
B3.     Continuous longitudinal plating of strength members above  
           strength deck, excluding hatch coamings 
B4.     Uppermost strake in longitudinal bulkhead 
B5.     Vertical strake (hatch side girder) and uppermost sloped strake 
           in top wing tank 

 

 
- Class II within 0.4L amidships 
- Grade A/AH outside 0.4L amidships 

 

SPECIAL: 
 
C1.      Sheer strake at strength deck 1) 
C2.      Stringer plate in strength deck 1) 
C3.      Deck strake at longitudinal bulkhead, excluding deck plating  
            in way of inner-skin bulkhead of double-hull ships 1) 

 

 
- Class III within 0.4L amidships 
- Class II outside 0.4L amidships 
- Class I outside 0.6L amidships 

 

C4.      Strength deck plating at outboard corners of cargo hatch  
            openings in container carriers and other ships with similar 
            hatch opening configurations 

 

- Class III within 0.4L amidships 
- Class II outside 0.4L amidships 
- Class I outside 0.6L amidships 
- Min. Class III within cargo region 

 
C5.      Strength deck plating at corners of cargo hatch openings 

            in bulk carriers, ore carriers, combination carriers  
            and other ships with similar hatch opening configurations 
C5.1    Trunk deck and inner deck plating at corners of openings for  

liquid and gas domes in membrane type liquefied gas carriers 
 

- Class III within 0.6L amidships 
- Class II within rest of cargo region 

 
 

 

C6.      Bilge strake in ships with double bottom over the full breadth and 
length less than 150 m 1)  

 

- Class II within 0.6L amidships 
- Class I outside 0.6L amidships 

 
C7.      Bilge strake in other ships 1)  
 

 

- Class III within 0.4L amidships 
- Class II outside 0.4L amidships 
- Class I outside 0.6L amidships 

C8.      Longitudinal hatch coamings of length greater than 0.15L 
C9.      End brackets and deck house transition of longitudinal  
            cargo hatch coamings  

 

- Class III within 0.4L amidships 
- Class II outside 0.4L amidships 
- Class I outside 0.6L amidships 
- Not to be less than Grade D/DH 

 
   Notes: 

1) Single strakes required to be of Class III within 0.4L amidships are to have breadths not less than 800+5L (mm), need not be 
greater than 1800 (mm), unless limited by the geometry of the ship’s design. 
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Table 1.4.2.4 Minimum material grades for ships with length exceeding 150 m and single strength deck 

STRUCTURAL MEMBER CATEGORY MATERIAL GRADE 

Longitudinal plating of strength deck where contributing to the longitudinal 
strength. 

Continuous longitudinal plating of strength members above strength deck. 

 

Grade B/AH within 0.4L amidships 

 

 

Single side strakes for ships without inner continuous longitudinal  
bulkhead(s) between bottom and the strength deck  

 

Grade B/AH within cargo region 

 

 

Table 1.4.2.5 Minimum material grades for ships with length exceeding 250 m  

STRUCTURAL MEMBER CATEGORY MATERIAL GRADE 

Sheer strake at strength deck 1) 

 

Grade E/EH within 0.4L amidships 

 
Stringer plate in strength deck 1) 

 

Grade E/EH within 0.4L amidships 

 
Bilge strake 1) 

 
Grade D/DH within 0.4L amidships 

 
Notes: 

1) Single strakes required to be of Grade E/EH and within 0.4L amidships are to have breadths not less than 800+5L (mm), need not 
be greater than 1800 (mm), unless limited by the geometry of the ship’s design. 

 

Table 1.4.2.6 Minimum material grades for single-side skin bulk carriers subjected to SOLAS regulation XII/6.5.3 

STRUCTURAL MEMBER CATEGORY MATERIAL GRADE 

Lower bracket of ordinary side frame 1), 2) 

 

Grade D/DH 

 
Side shell strakes included totally or partially between the two points 
located to 0.125l above and below the intersection of side shell and bilge 
hopper sloping plate or inner bottom plate 2) 

 

 

Grade D/DH 

 

 

Notes: 
1)  The term "lower bracket" means webs of lower brackets and webs of the lower part of side frames up to the point of 0.125l  
      above the intersection of side shell and bilge hopper sloping plate or inner bottom plate. 
2) The span of the side frame, l, is defined as the distance between the supporting structures. 

 

 

Table 1.4.2.7 Minimum material grades for ships with ice strengthening 

STRUCTURAL MEMBER CATEGORY MATERIAL GRADE 

Shell strakes in way of ice strengthening area for plates 

 

Grade B/AH  

 
 

1.4.3 Material selection for struc-

tural members which are continu-

ously exposed to low temperatures 

1.4.3.1 The material for structural members, which are 
continuously exposed to temperatures below 0oC, e.g. refrig-
erated cargo holds, is selected by the design temperature of 
the structural members. The design temperature is determined 
by means of a temperature distribution taking into account 
the design environmental temperatures. For unrestricted ser-
vice the design environmental temperatures are: 

air: +5oC 

sea water:   0oC 
 

1.4.3.2 For ships intended to operate in areas with low 
air temperatures (-20oC and lower) e.g. regular service during 
winter seasons to Arctic or Antarctic waters, the materials in 
the exposed structural members shall be selected based on the 
design temperature to which is taken as defined in 1.4.3.3. 

The material grade requirements for hull mem-
bers of each class depending on thickness and design temper-
ature are defined in Table 1.4.3.2.  

For design temperatures tD < -55oC, materials 
are to be specially considered. 
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1.4.3.3 Design temperature, tD, shall be taken as the 
lowest mean daily average temperature in the area of opera-
tion: 

Mean: Statistical mean value over observation period. 

Average: Average during one day and night. 

Lowest: Lowest during year. 

For seasonally restricted service the lowest va-
lue within the period of operation applies.  

For the purpose of issuing a polar ship certifica-
te in accordance with the Polar Code, the design temperature 
tD shall be no more than 13°C higher than the polar service 
temperature (PST) of the ship.  

In the polar regions, the statistical mean over 
observation period is to be determined for a period of at least 
10 years. 

1.4.3.4 Materials in the various strength members 
above the lowest ballast water line (BWL) exposed to air are 
not to be of lower grades than those corresponding to classes 
I, II and III, as given in Table 1.4.3.4, depending on the cate-
gories of structural members (SECONDARY, PRIMARY 
and SPECIAL).  

For non-exposed structures (except as indicated 
in Note 5 of Table 1.4.3.4) and structures below the lowest 
ballast water line see 1.4.2. 

Single strakes required to be of class III or of 
grade E/EH or FH have breadths not less than 800 + 5·L, 
[mm], maximum 1800 mm. 

Plating materials for stern frames, rudder horns, 
rudders and shaft brackets are not to be of lower grades than 
those corresponding to the material classes given in 1.4.2. 

Table 1.4.3.4 

Structural member 
Within 0,4 L 

amidships 

Outside 0,4 L 

amidships 

SECONDARY:   

Deck plating exposed to 
weather, in general 

  

Side plating above BWL I I 
Transverse bulkheads above 
BWL 

  

PRIMARY:   

Strength deck plating 
1
   

Continuous longitudinal 
members above strength 
deck 

II I 

Longitudinal bulkhead BWL   
Top wing tank bulkhead 
BWL 

  

SPECIAL:   

Sheer strake at strength deck
2
   

Stringer plate in strength 

deck
2
 

III II 

Deck strake at longitudinal 

bulkhead
3
 

  

Continuous longitudinal 

hatch coamings
4
 

  

Notes: 

1. Plating at corners of large hatch openings is to be specially 
considered. Class III or grade E/EH is to be applied in po-
sitions where high local stresses may occur. 

2. Not to be less than grade E/EH within 0,4 L amidships in 
ships with length exceeding 250 m. 

3. In ships with breadth exceeding 70m at least three deck 
strakes shall to be class III. 

4. Not to be less than grade D/DH. 

5. Applicable to plating attached to hull envelope plating ex-
posed to low air temperature. At least one strake is to be 
considered in the same way as exposed plating and the 
strake width is to be at least 600 mm. 
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Table 1.4.3.2 

Class I 

Plate thickness -20 - 25 [[[[oC]]]] -26 -35 [[[[oC]]]] -36 -45 [[[[oC]]]] -46 -55 [[[[oC]]]] 

[[[[mm]]]] MS HT MS HT MS HT   

t ≤ 10 A AH B AH D DH D DH 

10 < t ≤ 15 B AH D DH D DH D DH 

15 < t ≤ 20 B AH D DH D DH E EH 

20 < t ≤ 25 D DH D DH D DH E EH 

25 < t ≤ 30 D DH D DH E EH E EH 

30 < t ≤ 35 D DH D DH E EH E EH 

35 < t ≤ 45 D DH E EH E EH ∅ FH 

45 < t ≤ 50 E EH E EH ∅ FH ∅ FH 

∅ = Not applicable 

Class II 

Plate thickness -20 -25 [[[[oC]]]] -26 -35 [[[[oC]]]] -36 -45 [[[[oC]]]] -46 -55 [[[[oC]]]] 

[[[[mm]]]] MS HT MS HT MS HT   

t ≤ 10 B AH D DH D DH E EH 

10 < t ≤ 20 D DH D DH E EH E EH 

20 < t ≤ 30 D DH E EH E EH ∅ FH 

30 < t ≤ 40 E EH E EH ∅ FH ∅ FH 

40 < t ≤ 45 E EH ∅ FH ∅ FH ∅ ∅ 

45 < t ≤ 50 E EH ∅ FH ∅ FH ∅ ∅ 

∅   = Not applicable 

Class III 

Plate thickness - 20 - 25 [[[[oC]]]] -26 -35 [[[[oC]]]] -36 -45 [[[[oC]]]] -46 -55 [[[[oC]]]] 

[[[[mm]]]] MS HT MS HT MS HT   

t ≤ 10 D DH D DH E EH E EH 

10 < t ≤ 20 D DH E EH E EH ∅ FH 

20 < t ≤ 25 E EH E EH E FH ∅ FH 

25 < t ≤ 30 E EH E EH ∅ FH ∅ FH 

30 < t ≤ 35 E EH ∅ FH ∅ FH ∅ ∅ 

35 < t ≤ 40 E EH ∅ FH ∅ FH ∅ ∅ 

40 < t ≤ 50 ∅ FH ∅ FH ∅ ∅ ∅ ∅ 

∅ = Not applicable 
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1.4.4 Aluminium alloy 

1.4.4.1 Use of seawater resisting aluminium alloys is 
permitted, by these Rules, as follows: 

− ships with length 12 < L ≤ 40 m - for hull, 
superstructure and deckhouses; 

− ships with length L > 40 m - for superstruc-
ture and deckhouses. 

The conversion of the of the hull structural el-
ements from steel into aluminium alloy is to be specially 
considered taking into account the smaller modulus of elas-
ticity, as compared with steel, and the fatigue strength as-
pects, specifically those of the welded connections. 

1.4.4.2 The conversion from steel to aluminium scant-
lings is to be carried out by using the material factor: 

kAl = 
m2,0 RRp

635

+
 

where: 

Rp0,2 = 0,2% proof stress of the aluminium 

alloy, in [N/mm2]; 
Rm  = tensile strength of the aluminium al-

loy, in [N/mm2]. 

Method of conversion: 

− section modulus:  WAL = Wst ⋅ kAL 

− plate thickness:  tAL = tst ⋅ ALk  

Wst, tst = section modulus and plate thickness 
of steel, respectively. 

1.4.5 Corrosion protection 

1.4.5.1 General 

For the corrosion protection of seagoing steel 
ships in general, see the Rules, Part 24 - Non-metallic mate-

rials, Section 4 and Part 1 - General requirements, Chapter 5. 

1.4.5.2 Corrosion prevention for bulk carries, tank-

ers and combination carriers 

1.4.5.2.1 Corrosion protection coating for salt water 

ballast spaces 

At the time of new construction, all salt water 
ballast spaces having boundaries formed by the hull envelope 
shall have an efficient protective coating, epoxy or equiva-
lent, applied in accordance with the manufacturer's recom-

mendations. 

The scheme for the selection, application and 
maintenance of the coating system should follow the re-
quirements of IMO Resolution A.798(19) and contain, as a 

minimum, the following documentation: 
.1 Owner’s, coating manufacturer’s and 

shipyard’s explicit agreement to the 
scheme for coating selection, application 

and maintenance. 
.2 List of seawater ballast tanks identifying 

the coating system for each tank, includ-
ing coating colour and whether coating 

system is a hard coating. 
.3 Details of anodes, if used. 
.4 Manufacturer’s technical product data 

sheet for each product. 

.5 Manufacturer’s evidence of product 
quality and ability to meet Owners re-
quirements. 

.6 Evidence of shipyard’s and/or its subcon-
tractor’s experience in coating applica-
tion. 

.7 Surface preparation procedures and 

standards, including inspection points and 
methods. 

.8 Application procedures and standards, in-
cluding inspection points and methods. 

.9 Format for inspection reports on surface 
preparation and coating application. 

.10 Manufacturer’s product safety data sheets 
for each product and owner’s, coating 

manufacturer’s and shipyard’s explicit 
agreement to take all precautions to re-
duce health and other safety risks which 
are required by the authorities. 

.11 Maintenance requirements for the coating 
system. 

Coating of any colour may be accepted, unless 
otherwise instructed by the flag Administration. “Light col-

our” coating is preferable, and includes colours, which facili-
tate inspection or are easily distinguishable from rust. 

1.4.5.2.2 Corrosion protection coating for cargo holds 

spaces on bulk carriers and combination 

carriers 

1.4.5.2.2.1 At the time of new construction, all internal and 
external surfaces of hatch coamings and hatch covers, and all 
internal surfaces of the cargo holds, excluding the flat tank 

top areas and the hopper tanks sloping plating approximately 
300 mm below the side shell frame and brackets, are to have 
an efficient protective coating (epoxy coating or equivalent) 
applied in accordance with the manufacturer’s recommenda-

tion. In the selection of coating due consideration is to be 
given by the owner to intended cargo conditions expected in 
service. 

1.4.5.2.2.2 A corrosion prevention system is normally con-
sidered either: 

.1 a full hard coating, or 

.2 a full hard coating supplemented by an-
odes. 

Protective coating should usually be hard 

(epoxy) coating or equivalent. Other coating systems may be 
considered acceptable as alternatives provided that they are 
applied and maintained in compliance with the manufactur-
er's specification. 

NOTE: Where Soft Coatings (solvent-free coatings 

based of wool grease, grease, mineral oils and/or wax that 

remains soft so that it wears off when touched) have been ap-

plied, during mandatory surveys of ship in service safe ac-

cess is to be provided for the Surveyor to verify the effective-

ness of the coating and to carry out an assessment of the 

conditions of internal structures which may include spot re-

moval of the coating. When safe access cannot be provided, 

the soft coating is to be removed. 

1.4.5.2.3 Additional requirements for corrosion pre-

vention on tankers and combination carriers 

1.4.5.2.3.1 Impressed current systems are not permitted in 
oil cargo tanks. 

1.4.5.2.3.2 Magnesium or magnesium alloy anodes are not 

permitted in oil cargo tanks. 

1.4.5.2.3.3 Aluminium anodes are only permitted in cargo 
tanks of tankers in locations where the potential energy does 
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not exceed 275 J. The height of the anode is to be measured 
from the bottom of the tank to the centre of the anode, and its 
weight is to be taken as the weight of the anode as fitted, in-
cluding the fitting devices and inserts. However, where alu-

minium anodes are located on horizontal surfaces such as 
bulkhead girders and stringers not less than 1 m wide and fit-
ted with an upstanding flange or face flat projecting not less 
than 75 mm above the horizontal surface, the height of the 

anode may be measured from this surface. Aluminium an-
odes are not to be located under tank hatches or “Butter-
worth” openings (in order to avoid any metal parts falling on 
the fitted anodes), unless protected by adjacent structure. 

1.4.5.2.3.4 There is no restriction on the positioning of 
zinc anodes. 

1.4.5.2.3.5 The anodes should have steel cores and these 
should be sufficiently rigid to avoid resonance in the anode 

support and be designed so that they retain the anode even 
when it is wasted. 

1.4.5.2.3.6 The steel inserts are to be attached to the struc-
ture by means of a continuous weld of adequate section. Al-

ternatively they may be attached to separate supports by bolt-
ing, provided a minimum of two bolts with locknuts are used. 
However, approved mechanical means of clamping will be 
accepted. 

The supports at each end of an anode should 
not be attached to separate items, which are likely to move 
independently. 

When anode inserts or supports are welded to 

the structure, they should be arranged so that the welds are 
clear of stress raisers. 

1.4.5.2.3.7 The use of aluminium coatings containing 
greater than 10 percent aluminium by weight in the dry film 

is prohibited in cargo tanks, cargo tank deck area, pump 
rooms, cofferdams or any other area where cargo vapour may 
accumulate. 

1.4.5.2.3.8 Aluminised pipes may be permitted in ballast 
tanks, in inerted cargo tanks and, provided the pipes are pro-

tected from accidental impact, in hazardous areas on open 
deck. 

1.4.5.3 Protective coatings of dedicated seawater 

ballast tanks in all types of ships and double-

side skin spaces of bulk carriers 

1.4.5.3.1 All dedicated seawater ballast tanks arranged in 
all type of ships of not less than 500 gross tonnage and dou-
ble-side skin spaces arranged in bulk carriers of 150 m in 

length and upwards shall be coated during construction in ac-
cordance with the Performance standard for protective coat-
ings for dedicated seawater ballast tanks in all types of ships 
and double-side skin spaces of bulk carriers, adopted by the 

Maritime Safety Committee by resolution MSC.215(82) as 
amended by resolution MSC.341(91).   

1.4.5.3.2 For application of SOLAS Regulation II-1/3-2, 
protective coatings on dedicated seawater ballast tanks in all 

types of ships and double-side skin spaces of bulk carriers, 
see IACS Unified Interpretation SC223 (Rev.3, Corr.1, 
2014). This IACS Unified Interpretation shall be read in con-
junction with the IMO Performance Standard for Protective 

Coatings (PSPC), Resolution MSC.215(82) as amended by 
resolution MSC.341(91).  

1.4.5.3.3 The ability of the coating system to reach its 
target useful life depends on the type of coating system, steel 

preparation, application and coating inspection and mainte-

nance. All these aspects contribute to the good performance 
of the coating system. 

1.4.5.3.4 Inspection of surface preparation and coating 
processes shall be agreed upon between the shipowner, the 

shipyard and the coating manufacturer and presented to the 
Register for review. Clear evidence of these inspections shall 
be reported and be included in the Coating Technical File 
(CTF), see 1.4.5.3.5. 

1.4.5.3.5 Specification of the coating system applied to 
the seawater ballast tanks and double-side skin spaces, record 
of the shipyard’s and shipowner’s coating work, detailed cri-
teria for coating selection, job specifications, inspection, 

maintenance and repair shall be documented in the Coating 
Technical File (CTF), and the Coating Technical File shall be 
reviewed by the Register.  

1.4.5.3.6 Maintenance of the protective coating system 

shall be included in the overall ship’s maintenance scheme. 
The effectiveness of the protective coating system shall be 
verified during the life of a ship by the Register, based on the 
appropriate guidelines. 

1.4.5.4 Corrosion protection of cargo oil tanks of 

crude oil tankers (Resolution MSC.291(87)) 
 

1.4.5.4.1  All cargo oil tanks of crude oil tankers shall be: 

 
.1  coated during the construction of the ship 

in accordance with the Performance 
standard for protective coatings for cargo 
oil tanks of crude oil tankers, adopted by 
the Maritime Safety Committee by resolu-

tion MSC.288(87) as amended by resolu-
tion MSC.342(91); or; 

.2 protected by alternative means of corro-
sion protection or utilisation of corrosion 
resistance material to maintain required 

structural integrity for 25 years in accord-
ance with the Performance standard for 
alternative means of corrosion protection 
for cargo oil tanks of crude oil tankers, 
adopted by the Maritime Safety Commit-

tee by resolution MSC.289(87). 

1.4.5.4.2 Requirements in 1.4.5.4.1 shall apply to crude 
oil tankers, as defined in regulation 1 of Annex I to the Inter-

national Convention for the Prevention of Pollution from 

Ships, 1973, as modified by the Protocol of 1978 relating 
thereto, of 5,000 tonnes deadweight and above: 

 
.1  for which the building contract is placed 

on or after 1 January 2013; or 

.2  in the absence of a building contract, the 
keels of which are laid or which are at a 

similar stage of construction on or after 1 
July 2013; or 

.3  the delivery of which is on or after 1 Jan-
uary 2016. 

1.4.5.4.3 The Administration may exempt a crude oil 
tanker from the requirements in 1.4.5.4.1 to allow the use of 

novel prototype alternatives to the coating system specified 
in 1.4.5.4.1.1, for testing, provided they are subject to suita-
ble controls, regular assessment and acknowledgement of the 
need for immediate remedial action if the system fails or is 
shown to be failing. Such exemption shall be recorded on an 

exemption certificate. 
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1.4.5.4.4 The Administration may exempt a crude oil 
tanker from the requirements in 1.4.5.4.1 if the ship is built to 
be engaged solely in the carriage of cargoes and cargo han-
dling operations not causing corrosion. Such exemption and 

conditions for which it is granted shall be recorded on an ex-
emption certificate. 

1.4.5.4.5 For application of SOLAS Regulation II-1/3-11, 
Performance standard for protective coatings for cargo oil 
tanks of crude oil tankers (PSPC-COT), adopted by Resolu-

tion MSC.288 (87) as amended by resolution MSC.342 (91, 
see also IACS Unified Interpretation SC259 (Rev.1, Corr.1, 
2014). 

1.4.5.4.6 For application of SOLAS Regulation II-1/3-11, 

Performance standard for alternative means of corrosion pro-
tection for cargo oil tanks of crude oil tankers, adopted by 
Resolution MSC.289 (87), see also IACS Unified Interpreta-

tion SC 258. 

1.4.6 Requirements for use of ex-

tremely thick steel plates 

1.4.6.1 Application 

1.4.6.1.1 General 

1.4.6.1.1.1 These requirements are to be complied with for 
container ships incorporating extremely thick steel plates 
having steel grade and thickness  in accordance with 1.4.6.1.2 
and 1.4.6.1.3 respectively. 

1.4.6.1.1.2 These requirements identify when measures for 
the prevention of brittle fracture of extremely thick steel 
plates are required for longitudinal structural members. 

1.4.6.1.1.3 These requirements give the basic concepts for 

application of extremely thick steel plates to longitudinal 
structural members in the upper deck and hatch coaming 
structural region (i.e. upper deck plating, hatch side coaming 
and hatch coaming top). 

1.4.6.1.1.4 The application of the measures specified in 
1.4.6.2, 1.4.6.3 and 1.4.6.4 is to be in accordance with 
1.4.6.5. 

1.4.6.1.2 Steel Grade 

1.4.6.1.2.1 These requirements are to be applied when any 
of YP36, YP40 and YP47 steel plates are used for the longi-
tudinal structural members. 

1.4.6.1.2.2 In the case that YP47 steel plates are used for 

longitudinal structural members in the upper deck region 
such as upper deck plating, hatch side coaming and hatch 
coaming top and their attached longitudinals, the grade of 
YP47 steel plates is to be EH47 specified in the Rules, Part 

25-Metallic materials, Section 3.4.  

Note: YP36, YP40, and YP47 refers to the minimum specified 

yield strength of steel defined in the Rules, Part 25-Metallic 

materials, Section 3.2 and 3.4: 355, 390 and 460 N/mm2, re-

spectively. 

1.4.6.1.3 Thickness 

1.4.6.1.3.1 For steel plates with thickness of over 50mm 
and not greater than 100 mm, the measures for prevention of 
brittle crack initiation and propagation specified in 1.4.6.2, 

1.4.6.3 and 1.4.6.4 are to be taken. 

1.4.6.1.3.2 For steel plates with thickness exceeding 100 
mm, appropriate measures for prevention of brittle crack ini-

tiation and propagation are to be taken in accordance with 
Register’s procedures. 

1.4.6.1.4 Hull structures (for the purpose of design 

 

1.4.6.1.4.1 HT(k) factors (material factor for YP36, 

YP40 and YP47 steel) 

 The HT factor (material factor of high tensile 
steel, k) of YP47 steel for the assessment of hull girder 

strength is to be taken as 0.62.  

 For HT factors of YP36 and YP40 refer to 
1.4.2.2. 

 

1.4.6.1.4.2 Fatigue assessment 

 Fatigue assessment on the longitudinal struc-
tural members is to be performed in accordance with Regis-
ter’s procedures. 

 

1.4.6.1.4.3 Details of construction design 

 Special consideration is to be paid to the con-
struction details where extremely thick steel plates are ap-

plied as structural members such as connections between out-
fitting and hull structures. Connections details are to be in ac-
cordance with Register’s requirements. 

1.4.6.2 Non-destructive testing (NDT) during con-

struction (measure No.1 of 1.4.6.5) 

Where NDT during construction is required in 
1.4.6.5, the NDT is to be in accordance with 1.4.6.2.1 and 
1.4.6.2.2. Enhanced NDT as specified in 1.4.6.4.3.1(e) is to 

be carried out in accordance with an appropriate standard. 

1.4.6.2.1 General 

1.4.6.2.1.1 Ultrasonic testing (UT) in accordance with 
IACS Rec.20 or Part 26-Welding, 2.3 is to be carried out on 

all block-to-block butt joints of all upper flange longitudinal 
structural members in the cargo hold region. Upper flange 
longitudinal structural members include the topmost strakes 
of the inner hull/bulkhead, the sheer strake, main deck, coam-
ing plate, coaming top plate, and all attached longitudinal 

stiffeners. These members are defined in Fig.1.4.6.2.1.1. 

 

 

Fig.1.4.6.2.1.1 Upper flange longitudinal structural members 

1.4.6.2.2 Acceptance criteria of UT 

1.4.6.2.2.1 Acceptance criteria of UT are to be in accord-
ance with IACS Rec.20 or Register’s practice. 

1.4.6.2.2.2 The acceptance criteria may be adjusted under 

consideration of the appertaining brittle crack initiation pre-
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vention procedure and where this is more severe than that 
found in IACS Rec.20, the UT procedure is to be amended 
accordingly to a more severe sensitivity. 

1.4.6.3 Periodic NDT after delivery (measure No.2 

of 1.4.6.5) 

Where periodic NDT after delivery is re-
quired, the NDT is to be in accordance with 1.4.6.3.1, 
1.4.6.3.2 and 1.4.6.3.3. 

1.4.6.3.1 General 

1.4.6.3.1.1 The procedure of the NDT is to be in accord-
ance with IACS Rec.20 or Part 26-Welding, 2.3. 

1.4.6.3.2 Timing of UT 

1.4.6.3.2.1 Where UT is carried out, the frequency of sur-
vey is to be in accordance with Part 26-Welding, 2.3. 

1.4.6.3.3 Acceptance criteria of UT 

1.4.6.3.3.1 Where UT is carried out, acceptance criteria of 

UT are to be in accordance with IACS Rec.20 or Register’s 
practice. 

1.4.6.4 Brittle crack arrest design (measure No.3, 4 

and 5 of 1.4.6.5) 

1.4.6.4.1 General 

1.4.6.4.1.1 Measures for prevention of brittle crack propa-
gation, which is the same meaning as brittle crack arrest de-
sign, are to be taken within the cargo hold region. 

1.4.6.4.1.2 The approach given in this section generally 
applies to the block-to-block joints but it should be noted that 
cracks can initiate and propagate away from such joints. 
Therefore, appropriate measures should be considered in ac-

cordance with 1.4.6.4.2.1 (b) (ii). 

1.4.6.4.1.3 Brittle crack arrest steel is defined in the Rules, 
Part 25-Metallic materials, Section 3.4.2.1. Only for the 
scope of these requirements, the definition in the Rules, Part 

25-Metallic materials, Section 3.4.2.1 also applies to YP36 
and YP40 steels. 

1.4.6.4.2 Functional requirements of brittle crack ar-

rest design 

1.4.6.4.2.1 The purpose of the brittle crack arrest design is 

aimed at arresting propagation of a crack at a proper position 
and to prevent large scale fracture of the hull girder. 

(a) The point of a brittle crack initiation is to be 
considered in the block-to-block butt joints 

both of hatch side coaming and upper deck. 

 (b) Both of the following cases are to be consid-
ered: 

(i) where the brittle crack runs straight along 

the butt joint, and 
(ii) where the brittle crack initiates in the butt 

joint but deviates away from the weld and 
into the plate, or where the brittle crack 

initiates from any other weld (see the 
Figure 1.4.6.4.2.1 for definition of other 
welds) and propagates into the plate. 

“Other weld areas” includes the following (re-

fer to Fig. 1.4.6.4.2.1): 
1.  fillet welds where hatch side coaming 

plating, including top plating, meet longi-
tudinals;  

2.  fillet welds where hatch side coaming 
plating, including top plating and longitu-
dinals, meet attachments. (e.g. fillet welds 
where hatch side top plating meet hatch 

cover pad plating.);  
3.  fillet welds where hatch side coaming top 

plating meet hatch side coaming plating;  
4.  fillet welds where hatch side coaming 

plating meet upper deck plating;  
5.  fillet welds where upper deck plating 

meet inner hull/bulkheads;  
6.  fillet welds where upper deck plating 

meet longitudinal; and  
7.  fillet welds where sheer strakes meet up-

per deck plating. 
 

 

Fig.1.4.6.4.2.1 Other weld areas 

 
 

1.4.6.4.3 Concept examples of brittle crack arrest de-

sign 

1.4.6.4.3.1 The following are considered to be acceptable 
examples of brittle crack arrest-design. The detail design ar-
rangements are to be submitted for approval by Register. 
Other concept designs may be considered and accepted for 

review by Register. 

 Brittle crack arrest design for 1.4.6.4.2.1(b)(ii): 
 

(a) Brittle crack arresting steel is to be used 

for the upper deck plating along the cargo 
hold region in a way suitable to arrest a 
brittle crack initiating from the coaming 
and propagating into the structure below. 

 Brittle crack arrest design for 1.4.6.4.2.1(b)(i): 
 

(b) Where the block to block butt welds of 
the hatch side coaming and those of the 

upper  deck are shifted, this shift is to be 
greater than or equal to 300mm. Brittle 
crack arrest steel is to be provided for the 
hatch side coamingv plating. 
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(c) Where crack arrest holes are provided in 
way of the block-to-block butt welds at 
the region where hatch side coaming weld 
meets the deck weld, the fatigue strength 

of the lower end of the butt weld is to be 
assessed. Additional countermeasures are 
to be taken for the possibility that a run-
ning brittle crack may deviate from the 

weld line into upper deck or hatch side 
coaming. These countermeasures are to 
include the application of brittle crack ar-
rest steel in hatch side coaming plating. 

 
(d) Where Arrest insert plates of brittle crack 

arrest steel or Weld metal inserts with 

high  crack arrest toughness properties 
are provided in way of the block-to-block 
butt welds at the region where hatch side 
coaming weld meets the deck weld, addi-

tional countermeasures are to be taken for 
the possibility that a running brittle crack 
may deviate from the weld line into upper 
deck or hatch side coaming. These  coun-
termeasures are to include the application 

of brittle crack arrest steel in hatch side 
coamings plating. 

 
(e) The application of enhanced NDT partic-

ularly time of flight diffraction (TOFD) 
technique using stricter defect acceptance 
in lieu of standard UT technique specified 
in 1.4.6.2 can be an alternative to (b), (c) 

and (d). 

1.4.6.5  Measures for extremely thick steel plates 

 The thickness and the yield strength shown in 
the following table apply to the hatch coaming top plating 

and side plating, and are the controlling parameters for the 
application of countermeasures. 

 If the as built thickness of the hatch coaming 
top plating and side plating is below the values contained in 

the Table 1.4.6.5, countermeasures are not necessary regard-
less of the thickness and yield strength of the upper deck plat-
ing. 
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Table 1.4.6.5 

 

 

Yield Strength 

(kgf/mm2) 

 

Thickness (mm) Option 

 

Measures 

 

1 2 3+4 5 

36 

50 < t ≤ 85 - N.A. N.A. N.A. 
 

N.A. 
 

85 < t ≤ 100 - X N.A. N.A. 
 

N.A. 

 

40 

50 < t ≤ 85 - X N.A. N.A. 
 

N.A. 
 

85 < t ≤ 100 

A X N.A. X 
 

X 

 

B X* N.A.** N.A. 
 

X 
 

47 
(FCAW) 

50 < t ≤ 100 

A X N.A. X 
 

X 

 

B X* N.A.** N.A. 
 

X 
 

 
47 

(EGW) 
 

50 < t ≤ 100 - X N.A. X X 

 

 

 

Measures: 

1 NDT other than visual inspection on all target block joints (during construction), see 1.4.6.2. 

2 Periodic NDT other than visual inspection on all target block joints (after delivery), see 1.4.6.3. 

3 Brittle crack arrest design against straight propagation of brittle crack along weldline to be taken (during construc-
tion), see 1.4.6.4.3.1 (b), (c) or (d). 

4 Brittle crack arrest design against deviation of brittle crack from weldline (during construction), see 1.4.6.4.3.1 (a). 

5 Brittle crack arrest design against propagation of cracks from other weld areas such as fillets and attachment welds 
(during construction), see 1.4.6.4.3.1 (a). 

Symbols: 

 (a) “X” means “To be applied”. 

(b) “N.A.” means “Need not to be applied”. 

(c) Selectable from option “A” and “B”. 

 

Note: 
 
*: See 1.4.6.4.3. 

**: may be required at the Register’s discretion. 
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1.5 WATER LEVEL DETECTORS ON 

SINGLE HOLD CARGO SHIP OTHER 

THAN BULK CARRIERS (SOLAS 1974, 

CH. II-1, REG. 25) 

1.5.1 For the purpose of this regulation, freeboard 
deck has the meaning defined in the International Convention 
on Load Lines in force. 

1.5.2 Ships having a length (L) of less than 80 m, and 

a single cargo hold below the freeboard deck or cargo holds 
below the freeboard deck which are not separated by at least 
one bulkhead made watertight up to that deck, shall be fitted 
in such space or spaces with water level detectors*. 

1.5.3 The water level detectors required by 1.5.2 
shall: 

.1 give an audible and visual alarm at the 
navigation bridge when the water level 

above the inner bottom in the cargo hold 
reaches a height of not less than 0.3 m, 
and another when such level reaches not 
more than 15% of the mean depth of the 

cargo hold; and 
.2 be fitted at the aft end of the hold, or 

above its lowest part where the inner bot-
tom is not parallel to the designed water-

line. Where webs or partial watertight 
bulkheads are fitted above the inner bot-
tom, Administrations may require the fit-
ting of additional detectors. 

1.5.4 The water level detectors required by 1.5.2 
need not be fitted in ships complying with regulation XII/12, 
or in ships having watertight side compartments each side of 
the cargo hold length extending vertically at least from inner 

bottom to freeboard deck.  

1.5.5 For application of these requirements see also 
IACS unified interpretation SC 180. 
 
*  Refer to the Performance standards for water level detectors on 

bulk carriers and single hold cargo ships other than bulk carriers, 

adopted by the Maritime Safety Committee by resolution 

MSC.188(79). 
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2 DESIGN PRINCIPLES 

2.1 GENERAL 

2.1.1 This Section contains definitions and principles 
for using formulas and explanations of definitions which are 
related to the structural member details. 

2.1.2 Permissible stresses and re-

quired sectional properties 

In the following Sections permissible stresses 

have been stated in addition to the formulae for calculating 
the section moduli and cross sectional areas of webs of 
frames, beams, girders, stiffeners etc. and may be used when 
determining the scantlings of those elements by means of di-
rect strength calculations. The permissible stresses may be 

increased by up to 10 % where exact stress analyses are car-
ried out in accordance with approved calculation methods, 
e.g. where the finite element method is applied or else proof 
is presented by full scale measurements. 

The required section moduli and web areas are 
related on principle to an axis which is parallel to the con-
nected plating. 

For profiles usual in the trade and connected 

vertically to the plating in general the appertaining sectional 
properties are given in tables. 

Where webs of stiffeners and girders are not fit-
ted vertically to the plating (e.g. frames on the shell in the 

flaring fore body) the sectional properties (moment of inertia, 
section modulus and shear area) have to be determined for an 
axis which is parallel to the plating. 

For bulb profiles and flat bars the section mod-

ulus of the inclined profile including plating can be calculat-
ed simply by multiplying the corresponding value for the ver-
tically arranged profile by sinα where α is the smaller angle 
between web and attached plating. 

 

Note: 

For bulb profiles and flat bars α in general needs only be 

taken into account where α is less than 75°. 

2.1.3 Plate panels subjected to lat-

eral pressure 

The formulae for plate panels subjected to lat-
eral pressure as given in the following Sections are based on 

the assumption of an un-curved plate panel having an aspect 

ratio b/a ≥ 2,24. 

For curved plate panels and/or plate panels hav-

ing aspect ratio smaller than b/a ∼ 2,24, the thickness may be 

reduced as follows: 

t C a p k f f tk= ⋅ ⋅ ⋅ ⋅ +1 2   [mm] 

where: 
C = constant (e.g. C = 1,1 for tank plating): 

f1 = 1 
r

a

2
−  ; 

f1min = 0,75; 

f2 = 

2

5011 







−

b

a
,, ; 

f2max = 1,0; 

r = radius of curvature, in [m]; 

a = smaller breadth of plate panel, in [m]; 

b = larger breadth of plate panel, in [m]; 

p = applicable design load, in [kN/m2], 
tk = corrosion addition in according to 2.9.  

This does not apply to plate panels subjected to 

ice pressure according to Section 14 and to longitudinally 
framed side shell plating according to Section 5. 

2.1.4 Fatigue strength 

Where a fatigue strength analysis is required for 
structures or structural details this is to be in accordance with 
requirements of Section 16 

2.2 UPPER AND LOWER HULL 

FLANGE 

2.2.1 All continuos longitudinal structural members 
up to Hsg below the strength deck and up to Hsd above base 

line are considered to be the upper and lower hull flange re-
spectively. 

2.2.2 Where the upper and/or lower hull flange are 
made from ordinary hull structural steel their vertical extent 

Hsg = Hsd equals 0,1 D. 

On ships with continuos longitudinal structural 
members above the strength deck an assumed depth D1 is 
considered, as follows: 

D1 = Zd + Z’g  [m] 
where: 

Zd - distance between neutral axis of the midship 

section and base line; in [m] 
Z’g - see 4.3.1.2. 

2.2.3 The vertical extent Z of the upper and lower 
hull flange respectively made from higher tensile steel is not 

to be less than: 

Hs = Z(a) ( 1 - f ⋅ k)    [m] 

Hsmin = 0,1 ⋅ D or 0,1 ⋅ D1 [m] 
where: 

Hs = Hsg or Hsd (see Fig. 4.3.5-1) 
Z(a) = actual distance of deck at side (Zg) or of the 

base line (Zd) from the neutral axis of the 

midship section. For ships with continu-
ous longitudinal structural members 
above the upper deck see Section 4.3.1.2. 

f = W(a)/W 

W(a) = actual deck or bottom section modulus, 

[cm3] 
W = Rule deck or bottom section modulus, accord-

ing to Section 4.3, [cm3] 
k = material factor, according to 1.4.2.2. 

Where two different steel grades are used it has 
to be observed that at no point the stresses are higher than the 

permissible stresses in according to 4.3.2. 
 

2.3 UNSUPPORTED SPAN 

2.3.1 Stiffeners and frames 

The unsupported span l is the true length of the 

stiffeners between two supporting girders or else their length 
including end attachments (brackets). 
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The frame spacings and spans are normally as-
sumed to be measured in a vertical plane parallel to the cen-
treline of the ship. However, if the ship's side deviates more 
than 10° from this plane, the frame distances and spans shall 

be measured along the side of the ship. 

Instead of the true length of curved frames the 
length of the chord between the supporting points can be se-
lected. 

2.3.2 Corrugated bulkhead ele-

ments 

The unsupported span l of corrugated bulkhead 

elements is their length between bottom or deck and their 
length between vertical or horizontal girders. Where corru-

gated bulkhead elements are connected to box type elements 
of comparatively low rigidity, their depth is to be included in-
to the span l unless otherwise proved by calculations. 

2.3.3 Transverses and girders 

The unsupported span l of transverses and gird-
ers is to be determined according to Fig. 2.3.3.1 depending 
on the type of end attachment (bracket). 

In special cases, the rigidity of the adjoining 
girders is to be taken into account when determining the un-
supported span of girder l. 
 

 

 

 

Figure 2.3.3.1 
 

2.4 END ATTACHMENTS 

2.4.1 Definitions 

For determining scantlings of stiffeners and 
girders the terms constraint and simple support is to be used. 

 Constraint will be assumed where for instance 
the stiffener are rigidly connected to other members by 

means of brackets or are running throughout over supporting 
girders. 

Simple support is to be assumed where for in-
stance the stiffener ends are sniped or the stiffeners are con-

nected to plate only (see 2.4.3). 

2.4.2 Brackets 

2.4.2.1 For the scantlings of brackets the required sec-
tion modulus of the section is decisive. Where sections of dif-

ferent section moduli are connected to each other, the scant-
lings of the brackets are generally governed by the smaller 
section. 

2.4.2.2 The thickness of brackets is not to be less than: 

t c W k tk= ⋅ +/
3

, [mm] 

where: 

c = 1,2 for non-flanged brackets; 
c = 0,95 for flanged brackets; 
k = material factor, according to 1.4.2.2; 
tk = corrosion addition according to 

 2.9.1, [mm]; 

W = section modulus of smaller section, 

 [cm3]; 

tmin = 5 + tk , mm; 

tmax = web thickness of smaller section, 
[mm]. 

For minimum thicknesses tmin in tanks and in 
cargo holds of bulk carriers see Section 11.1.7 or 17.2.5. 

2.4.2.3 The arm lengths of brackets, measured from 
plating to the brackets toe, are not to be less than: 

a ≥ 0,8 l 

b ≥ 0,8 l 

a + b ≥ 2 l 

where: 

3

1

26,50
kt

ktW
l

a ⋅

⋅⋅
⋅= , [mm] 

lmin = 100 mm; 
ta  = "as built" thickness of bracket, [mm] 

t = thickness of bracket according to 1.4.2.2, 
[mm] 

W = see 2.4.2.2; 
k2 = material factor k for the bracket according to 

1.4.2.2. 
k1 = material factor k for the section, according to 

1.4.2.2. 

The arm length l is the length of the welded 

connection. 

2.4.2.4 The free edge of bracket have to be flanged, 
when l > 50 t. 
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The width of flange is to be determined accord-
ing to the following formula: 

b = 40 + 
30

W
, [mm], 

b is not to be taken less than 50 mm and need 
not be taken greater than 90 mm. 

W = see 2.4.2.2 

2.4.2.5 The throat thickness a of the welded connection 
is to be determined according to Section 15. 

2.4.3 Sniped ends of stiffeners 

Stiffeners may be sniped at the ends, if the 
thickness of the plating supported by stiffeners is not less 
than: 

t c
p s l s

ReH

=
⋅ − ⋅( , )0 5

, [mm], 

where: 

p = design load, [kN/m2]; 
l = unsupported length of stiffener, [m]; 
s = spacing of stiffeners, [m]; 
ReH = minimum nominal upper yield point 

of the plating's material, [N/mm2]; 
c = 15,8 for watertight bulkheads and for 

 tank bulkheads when loaded by p2  
 according to 3.4.1.2; 

c = 19,6 otherwise. 

2.4.4 Corrugated bulkhead ele-

ments 

Care is to be taken that the forces acting at the 

supports of corrugated bulkheads are properly transmitted in-

to the adjacent structure by fitting structural elements such as 
carlings, girders or floors in line with corrugations. 

2.5 EFFECTIVE WIDTH OF PLATING 

2.5.1 Frames and stiffeners 

Generally, the spacing of frames and stiffeners 
may be taken as effective width of plating. 

2.5.2 Girders 

2.5.2.1 The effective width of plating bm of frames and 

girders may be determined according to Table 2.5.2.1 consid-
ering the type of loading. 

Special calculations may be required for deter-
mining the effective width of non-symmetrical flanges. 

2.5.2.2 The effective cross sectional area of plates is 
not to be less than the cross sectional area of the face plate. 

2.5.3 Cantilevers 

Where cantilevers are fitted at every frame, the 

effective width of plating may be taken as the frame spacing. 

Where cantilevers are fitted at a greater spacing 
the effective with of planting may approximately be taken as 
the distance of the respective cross section from the print on 

which the load is acting, but not greater than the spacing of 
the cantilevers. 
 

Table 2.5.2.1 

l/b 0 1 2 3 4 5 6 7 ≥≥≥≥ 8 

bm1/b 0 0,36 0,64 0,82 0,91 0,96 0,98 1,00 1,00 

bm2/b 0 0,20 0,37 0,52 0,65 0,75 0,84 0,89 0,90 

Notice: 
1) bm1 is to be applied where girders are loaded by uniformly distributed loads or else by not less 

than 6 equally spaced single loads. 
2) bm2 is to be applied where girders are loaded by 3 or less single loads. 

3) Intermediate values may be obtained by direct interpolation. 

4) l = length between zero-points of bending moment curve, i.e. unsupported span in case of 

simply supported girders and 0,6 x unsupported span in case of constraint of both ends of gird-
er. 

5) b = width of plating supported, measured from centre to centre of the adjacent unsupported 
fields. 

 

2.6 STRUCTURAL DETAILS 

2.6.1 Longitudinal members 

2.6.1.1 All longitudinal members taken into account 
for calculating the midship section modulus are to extend 
over the required length amidships and are to be tapered 

gradually to the required ship's ends thicknesses. 

2.6.1.2 Abrupt discontinuities of strength of longitudi-
nal members are to be avoided as far as practicable. Where 

longitudinal members having different scantlings are con-
nected with each other, smooth transitions are to be provided. 

Special attention in this respect is to be paid to 
the construction of continuous longitudinal hatch coamings 
forming part of the longitudinal hull structure. 

2.6.1.3 At the ends of longitudinal bulkheads or con-
tinuous longitudinal walls suitable scarping brackets are to be 
provided. 
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2.6.2 Girders and transverses 

2.6.2.1 Where transverses and girders fitted in the same 
plane are connected to each other, major discontinuities of 

strength are to be avoided. The web depth of the smaller 
girder is, in general, not to be less than 0,6 of the web depth 
of the greater one. 

2.6.2.2 The taper between face plates with different 

dimensions is to be gradual. In general the taper shall not ex-
ceed 1:3. At intersections the forces acting in the face plates 
are to be properly transmitted. 

 

2.6.2.3 For transmitting the acting forces the face 
plates are to be supported at their knuckles. The stiffeners at 
the knuckles may be omitted if the following condition is 
complied with: 

σ σa p
e

f

b

b
≤ ,  [N/mm2], 

where: 

σa = actual stress in the face plate at the 

knuckle, in [N/mm2]; 

σp = permissible stress in the face plate, in 

[N/mm2]; 

bf = breadth of face plate, in [mm]; 
be = effective breadth of face plate: 
be = tw + n1 [tf + c (b - tf)], in [mm]; 
tw = web thickness, in [mm] 

tf = face plate thickness, in [mm]; 

b = ( )1

1n
b tf w−   [mm] 

c = 

( )

1

2

2

3

2
b t R t n

n t

R
f f

f

− ⋅






−

+
⋅

⋅

/ α
; 

cmax = 1; 

2 α = knuckle angle, in [o], (see Fig. 

2.6.2.3); 

αmax = 45o; 
R = radius of rounded face plates, in 

[mm]; 
R = tf for knuckled face plates; 
n1 = 1 for un-symmetrical face plates (face 

plate at one side only); 

n1 = 2 for symmetrical face plates; 
n2 = 0 for free face plates. 

n2 = 0,9 

f

f

tR

)tb(

⋅

− 2

 ≤ 1,0 , for face plates 

of multi-web girders 

n3 = 3 if no radial stiffener is fitted 
n3 = 3000 if two or more radial stiffeners 

are fitted or if one knuckle stiffener is 

fitted in according (a) in Fig. 2.6.2.3. 

n3 = 

4

8









−

ft

d
, if one stiffener is fitted in 

according to (b) in Fig. 2.6.2.3. 

3 ≤ n3 ≤ 3 000 
d = distance of the stiffener from the 

knuckle, [mm]. 

Scantlings of stiffeners are: 

thickness: tb = 
σ

σ
αa

p
ft⋅ ⋅ 2sin  

height:  h = 1,5 ⋅ b 

 

 

 

Figure 2.6.2.3 

2.6.2.4 For preventing the face plates from tripping ad-
equately spaced stiffeners or tripping brackets are to be pro-
vided. The spacing of these tripping elements is not exceed 

12 bf. 

2.6.2.5 The webs are to be stiffened to prevent buck-
ling. 

2.6.2.6 The location of lightening holes is to be such 

that the distance from hole edge to face plate is not less than 
0,3 x web depth. 

2.6.2.7 In way of high shear stresses lightening holes in 
the webs are to be avoided as far as possible. 

2.6.2.8 Knuckles (general) 

Flanged structural elements transmitting forces 
perpendicular to the knuckle, are to be adequately supported 
at their knuckle, (i.e. the knuckles of the inner bottom are to 

be located above floors, longitudinal girders or bulkheads). 
See Fig. 2.6.2.8.  

If longitudinal structures, such as longitudinal 
bulkheads or decks, include a knuckle which is formed by 

two butt-welded plates, the knuckle is to be supported in the 
vicinity of the joint rather than at the exact location of the 
joint. The minimum distance d to the supporting structure is 
to be at least: 

2
25

ft
d +=  , but not more than 50 mm, see Fig. 

2.6.2.8-2. 

On bulk carriers at knuckles between inner bot-
tom and tank side slopes in way of floors the welding cutouts 
have to be closed by collar plates or insert plates, see Fig. 

2.6.2.8-1. In both cases a full penetration weld is required to 
inner bottom and bottom girder. 
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Figure 2.6.2.8-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6.2.8-2 

 

2.7 RIGIDITY OF TRANSVERSES 

AND GIRDERS 

The moment of inertia of deck transverses and 

girders is not to be less than: 

I = C ⋅ W ⋅ l, [cm4] 

C = 4,0 if both ends are simply supported; 
C = 2,0 if one end is constrained; 
C = 1,5 if both ends are constrained; 

W = section modulus of the structural member 

 considered, in [cm3]; 
l = unsupported span of the structural member 

considered, in [m]. 

2.8 EVALUATION OF NOTCH 

STRESSES 

The notch stress σk evaluated for linear-elastic 

material behaviour at free plate edges, e.g. at hatch corners 
openings in decks, walls, girders etc., should, in general, ful-
fill the following criterion: 

σk  ≤  f ⋅ ReH , [N/mm2] 

f = 1,1 for normal strength hull structural steel; 
f = 0,9 for higher strength hull structural steel 

with ReH = 315 N/mm2; 
f = 0,8 for higher strength hull structural steel 

with  ReH = 355 N/mm2. 
f = 0,73 for higher strength hull structural steel 

with ReH = 390 N/mm2; 

If plate edges are free of notches and corners 

are rounded-off, a 20% higher notch stress σk  may be permit-

ted. 

A further increase of stresses may be permitted 
on the basis of a fatigue strength analysis as per Section 16. 

2.9 CORROSION ADDITIONS 

2.9.1 The scantling requirements of the subsequent 

Sections imply the following general corrosion additions tk: 

tk = 1,5 mm, for t ≤ 10 mm; 

tk = 
k

t⋅1,0
 + 0,5, [mm], max. 3,0 mm, for 

t > 10 mm, 

where: 
t = required rule thickness excluding tk,  

 in [mm]; 
k = material factor according to Section 

 1.4.2.2. 

For structural elements in specified areas tk is not to be less 
than given in Table 2.9.2. 

Table 2.9.2 

Area tkmin , [mm] 

In ballast tanks where the weather 
deck forms the tanktop, 1,5 m below 
tanktop1. 

2,5 

- In cargo oil tanks where the weath-
er deck forms the tanktop, 1,5 m be-
low tanktop.  

- Horizontal members in cargo oil 
and fuel oil tanks. 

2,0 

Deck plating below elastically 

mounted deckhouses. 3,0 

Longitudinal bulkheads of ships as-
signed to the notation GRAB and 
exposed to grab operation. 

2,5 

1) tkmin = 2,5 mm for all structures within topside tanks of 

bulk carriers. 

2.9.3 For structures in dry spaces such as box girders 
of container ships and for similar spaces as well as for hatch 
covers of dry cargo holds the corrosion additions is: 

tk = 
k

t, ⋅10
, max. 2,5 mm, 

but not less than 1,0 mm. 

Corrosion additions for hatch covers and hatch 

coamings are to be determined in according to the Rules, Part 

3 – Hull Equipment, 7.10. 
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3 DESIGN LOADS 

3.1 GENERAL 

3.1.1 This Section provides data regarding design 
loads for determining the scantlings of the hull structural el-
ements by means of the design formulae given in the follow-

ing Sections or by means of direct calculations. Guidelines 
for direct calculations of ship structure are given in Annex D. 

3.1.2 Definitions 

3.1.2.1 Load centre: 

a) For plates: 

− vertical stiffening system: 

0,5 x 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 of plate field. 

b) For stiffeners and girders: 

- centre of span l. 

3.1.2.2 Definition of symbols: 

v = ship's speed according to Section 1.2.6; 

ρc = density of cargo as stowed, [t/m3]; 

ρ = density of liquids, [t/m3]; 

ρ = 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, in [m]; 
Cb = block coefficient according to 1.2.6, but is 

   not to be taken less than 0,60; 

po = 2,1 (Cb + 0,7) ⋅ Cw ⋅ CL ⋅ f, [kN/m2], basic 

   external load for ; 

Cw = 
25

L
+ 4,1, for L < 90 [m] 

Cw = 10,75 - ,
100

300
5,1








 − L
for 90 ≤ L ≤ 300 m 

Cw = 10, 75, for 300 < L  ≤ 350 m; 

Cw = 10,75 - ,
150

350
5,1








 −L
 for L > 350 m; 

CL = 
90

L
, for L < 90 m; 

CL = 1,0, for  L ≥ 90 m; 

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 po may be de-
crease, as follows: 

25% for service range 3 

30% for service range 4, 5 

40% for service range 6, 7, 8 

3.2 EXTERNAL SEA LOADS 

3.2.1 Load on weather deck 

3.2.1.1 The load on weather decks is to be determined 
according to the following formula: 

( ) aoD C
Ddz

d
pp ⋅

⋅−+

⋅
=

10

20
, [kN/m2] 

where: 

Ca = factor depending of the longitudinal posi- 
 tion according to Table 3.2.1.1. 

Table 3.2.1.1 

Range Coefficient Ca 

0 ≤ 
x

L
< 0,2  1,2 - 

x

L
 

0,2 ≤ 
x

L
≤ 0 7,  1,0 

0,7 ≤ 
x

L
≤ 1 0,  1,0 + 

C

3

x

L
−







0 7,  

 C = 0,15 ⋅ L - 10 

 100 m ≤ L ≤ 250 m 

3.2.1.2 For strength deck which are to be treated as 
weather decks as well as for forecastle decks the load is not 

to be less than the greater of the following two values: 

pDmin = 16 ⋅ f, [kN/m2]; 

or 

pDmin = 0,7 ⋅ po,  [kN/m2]  

f  = according to 3.1.2.2. 

3.2.1.3 Where deck cargo is intended to be carried on 
the weather deck resulting in a load greater than the value de-

termined according to 3.2.1.1, the greater load governs the 
scantlings. 

Where the stowage height of deck cargo is less 
than 1,0 m, the deck cargo load may require to be increased 

by the following value: 

pz = 10 (1 - hs), [kN/m2], 

where: 
hs = stowage height of the cargo, [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 to be de-

termined according to the following formulae: 

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

ps = 10 (d - z ) + po ⋅ CF 







+

d

z
1 , [kN/m2]; 

b) For elements the load centre of which is located 
above load waterline: 

ps = po ⋅ CF 
20

10 + −z d
,  [kN/m2]; 

CF = factor depending of the longitudinal position 
according to Table 3.2.2.1; 
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Table 3.2.2.1 

Range Coefficient CF 

0 ≤ 
x

L
< 0,2 1) 1,0 + 

5

Cb

 0 2, −








x

L
 

0,2 ≤ 
x

L
 < 07 1,0 

0,7 ≤ 
x

L
≤ 1 0, 2) 1,0 + 

20

Cb

x

L
−







0 7

2

,  

1) 
x

L
 need not be taken less than 0,1 

2) 
x

L
 need not be taken greater than 0,93 

3.2.2.2 Load on bow structures 

The design load for bow structures from for-

ward to 0,1⋅L behind F.P. and above the ballast waterline in 
accordance with the draft db in 3.2.4 is to be determined ac-

cording to the following formula: 

pe = c (0,2⋅ v + 0,6⋅ L )2,     [kN/m2] 

Lmax  = 300 m 
c = 0,8 in general. 
 

αsin09,12,1

45,0

⋅−
=c , for extremely flared sides 

where the flare angle α is larger than 40°. 

The flare angle at the load centre is to be meas-
ured in the plane of frame between a vertical line and the tan-
gent to the side shell plating, see Fig. 3.2.2.2. 

For unusual bow shapes pe can be specially 

considered. 

pe must not be smaller than ps according to 
3.2.2.1. 

Aft of 0,1⋅L from F.P. up to 0,15⋅L from F.P. 

the pressure between pe and ps is to be graded steadily. 
 

 
Figure 3.2.2.2 

3.2.2.3 Load on stern structure 

The design load for stern structures from the aft 
end to 0,1 L forward of the aft end of L and above the small-

est design ballast draught at A.P. up to d +Cw/2 is to be de-
termined according to the following formula: 

pe   =  cA ⋅L,   [kN/m2]  

cA   =  0,3⋅c ≥ 0,36 

c     =  see 3.2.2.2 
Lmax = 300 m. 

pe must not be smaller than ps according to 3.2.2.1. 

3.2.3 Load on the ship's bottom 

The external load pB of the ship's bottom is to 

be determined according to the following formula: 

pB = 10 ⋅ d + po ⋅ CF , [kN/m2], 

where: 
CF = see Table 3.2.2.1 

3.2.4 Design slamming pressure 

The design slamming pressure may be deter-

mined by the following formulae: 

pSL = 162 L ⋅C1⋅C2⋅ CSL, [kN/m2], for L ≤ 150 [m]; 

pSL = 1984 (1,3 - 0,002 L) C1⋅C2⋅ CSL, [kN/m2], for L > 150 [m] 

where: 

C1 =    3,6 - 6,5 

20,

b

L

d








 

C1max = 1,0 

db = the smallest design ballast draught at F.P for 

normal ballast conditions, in [m]; 
Where the sequential method for ballast 
water exchange is intended to be applied, 
db is to be considered for the sequence of 
exchange. 

C2 = 10/A 
A = loaded area between the supports of the 

  structure considered, in [m2]; 
C2 = 1,0, for plate panels and stiffeners; 

  0,3 ≤ C2 ≤ 1,0 generally; 

CSL = distribution factor, see Figure 3.2.4. 
 

 
 

 

Figure 3.2.4 
 

CSL   = 0, for 
x

L
 ≤ 0,5 

CSL = 
3

5.0

C

L

x
−

, for 0,5 ≤ 
x

L
 ≤ 0,5 + C3 

CSL = 1,0,  for  0,5 + C3 ≤ 
x

L
 ≤ 0,65 + C3 

3

3

  0,65for ,
35,0

1

15,0 C
L

x

C

L

x

CSL +>
















−

−
+⋅=

  

C3  = 0,33 ⋅ Cb + 
L

2500
 



22 RULES FOR THE CLASSIFICATION OF SHIPS 

PART 2 

2018
 

C3max  = 0,35 

Note: For restricted service areas these values pSL may be de-
crease, as follows: 

5% for service range 2 

12,5% for service range 3, 4 

17% for service range 5, 6 

20% for service range 7, 8 

3.2.5 Load on decks of superstruc-

tures and deckhouses 

3.2.5.1 The load on exposed decks and parts of super-
structure and deckhouse decks, which are not to be treated as 

strength deck, is to be determined as follows: 

pDA = pD ⋅ n, in [kN/m2] 

where: 
pD = according to 3.2.1.1; 

n = 1 - 
10

Dz −
; 

nmin = 0,5; 
n  = 1,0 for the forecastle deck. 

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

0 7 0 3, ,

,

,

b

B
+















 

b' = breadth of deckhouse; 
B' = largest breadth of ship at the position con

 sidered. 

Except for the forecastle deck the minimum 

load is: 
pDAmin = 4 kN/m2. 

For exposed wheel house tops the load is not to 
be taken less than: 

p = 2,5 kN/m2. 

3.3 CARGO LOADS, LOAD ON  

ACCOMMODATION DECKS 

3.3.1 Load on cargo decks 

3.3.1.1 The load on cargo decks is to be determined ac-
cording to the following formula: 

pL = pc (1 + av),  [kN/m2], 

where: 
pc = static cargo load, in [kN/m2]; 

pc = 7 ⋅ h for 'tween decks but not less than 15 

kN/m2, if no cargo load is given; 

h = mean 'tween deck height, in [m]. 

In way of hatch casings the increased height of 
cargo is to be taken into account. 

av = acceleration factor as follows: 

av = F ⋅ m 

F = 0,11 
L

v
; 

m = mo - 5 (mo - 1) 
x

L
,   for 0 < 

x

L
 ≤ 0,2; 

m = 1,0,      for 0,2 ≤ 
x

L
 ≤ 0,7; 

m = 1 + 











−

+
7,0

3,0

1

L

xmo , for 0,7 < 
x

L
 ≤ 1,0; 

mo = (1,5 + F); 
v = see 3.1.2.2, v is not to be taken less than 

 L , [kn]. 

3.3.1.2 For timber and coke deck cargo the load on 
deck is to be determined by the following formula: 

pL = 5 ⋅ hs (1 + av), [kN/m2], 

hs = stowing height of cargo, in [m]. 

3.3.1.3 The loads due to single forces PE (e.g. in case 
of containers) are to be determined as follows: 

P = PE (1 + av),  [kN] 

3.3.1.4 The cargo pressure of bulk cargoes is to be de-
termined by the following formula: 

pbc = pc (1 + av),  [kN/m2], 

where: 

pc = 9,81 ⋅ ρc ⋅ h ⋅ n, [kN/m2], static bulk cargo 
load; 

n = tan2 (45o - γ/2) sin2α + cos2α; 

γ = angle of repose of the cargo, in degrees; 

α = angle, in degrees, between the structural 

element considered and a horizontal 

plane; 
h = distance between upper edge of cargo and 

 the load centre, in [m]; 

ρc = density of stowed cargo, in [t/m3]. 

3.3.2 Load on inner bottom 

3.3.2.1 The inner bottom cargo load is to be deter-

mined as follows: 

pDB = 9,81 ⋅ 
G

V
 ⋅ h (1 + av), [kN/m2], 

where: 
G = mass of cargo in the hold, [t]; 
V = volume of the hold, in [m3], (hatchways ex-

cluded); 
h = height of the highest point of the cargo above 

the inner bottom, in [m], assuming hold 
to be completely filled; 

av = see 3.3.1.1. 

For calculating av the distance between the cen-
tre of gravity of the hold and the aft end of the length L is to 
be taken. 

3.3.2.2 For inner bottom load in case of ore stowed in 
conical shape, see Section 17. 

3.3.3 Loads on accommodation 

and machinery decks 

3.3.3.1 The deck load in accommodation and service 
spaces is: 

p = 3,5 (1 + av), [kN/m2] 

3.3.3.2 The deck load of machinery decks is: 

p = 8 (1 + av), [kN/m2] 
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3.3.3.3 Significant single forces are also to be consid-
ered, if necessary. 

3.4 LOAD ON TANK STRUCTURES 

3.4.1 Design pressure for filled 

tanks 

3.4.1.1 The design pressure for service conditions is 
the greater of the following values: 

p1 = 9,81⋅h1⋅ρ ⋅(1+av)+100⋅pv , [kN/m2], 

or 

p1 = 9,81⋅ρ ⋅[h1⋅cosϕ +(0,3⋅b+y)⋅sinϕ]+100⋅pv, [kN/m2] 

where: 

h1 = distance of load centre from tank top,  
 in [m]; 

av = see 3.3.1.1; 

ϕ  =  design heeling angle, [°], for tanks; 

=  arctan 







⋅

B

D
f bk

, in general; 

fbk =  0,5 for ships with bilge keel 
=  0,6 for ships without bilge keel 

ϕ  ≥  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], 
 (if a pressure relief valve is fitted); 

pvmin   = 0,1 bar (1,0 mSV), during ballast water 
exchange for both, the sequential method 
as well as the flow-through method; 

pvmin = 0,2 [bar] (2,0 mSV) for cargo tanks of 
 tankers; 

mSV = metre of head water. 

3.4.1.2 The maximum static design pressure is: 

p2 = 9,81 ⋅ h2,  [kN/m2] 

h2 = distance of load centre from top of overflow 
or from a point 2,5 m above tank top, which-

ever is the greater. Tank venting pipes of car-
go tanks of tankers are not to be regarded as 
overflow pipes. 

For tanks equipped with pressure relief valves 

and/or for tanks intended to carry liquids of a density greater 
than 1 t/m3, the head h2 is at least to be measured to a level at 
the following distance hp above tank top: 

hp = 2,5 ⋅ ρ  [mSV], head of water, [m], or 

hp = 9,81 ⋅ pv [mSV], where pv > 0,25 ⋅ ρ. 

Regarding the design pressure of fuel tanks and 
ballast tanks which are connected to an overflow system, the 

dynamic pressure increase due to the overflowing is to be 
taken into account in addition to the static pressure height up 
to the highest point of the overflow system. 

3.4.2 Design pressure for partially 

filled tanks 

3.4.2.1 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 lt/4 from the 
bulkheads limiting the free liquid surface 
in the ship's longitudinal direction: 

pd = 4
150

−










L
 lt ⋅ ρ ⋅ nx + 100 ⋅ pv, [kN/m2]; 

b) For structures located within bt/4 from the 

bulkheads limiting the free liquid surface 
in the ship's transverse direction: 

pd = 5 5
20

, −










B
 bt ⋅ ρ ⋅ ny + 100 ⋅ pv,  [k/Nm2], 

where: 
lt = distance, in [m], between transverse bulk- 

 heads or effective transverse wash bulk-
 heads at the height where the structure is 
 located; 

bt = distance in, [m], between tank sides or ef-

 fective longitudinal wash bulkhead at the 
 height where the structure is located; 

nx = 1 - 
tl

4
 ⋅ x1 

ny = 1 - 
tb

4
⋅ y1 

x1 = distance of structural element from the tank's 
ends in the ship's longitudinal direction, 

in [m]; 
y1 = distance of structural element from the tank's 

sides in the ship's transverse direction, in 
[m]. 

3.4.2.2 For tanks with ratios lt/L > 0,1 or bt/B > 0,6 a 
direct calculation of the pressure pd may be required. 

3.5 DESIGN VALUES OF 

ACCELERATION COMPONENTS 

3.5.1 Acceleration components 

The following formulae may be taken when 
calculating the acceleration components owing to ship’s mo-

tions: 
- Vertical acceleration (vertical to the base line) 

due to heave and pitch: 

a a
L

x

L Cz o
b

= ± + −








 −



















1 5 3

45
0 45

0 6
2 2 1 5

, ,
,

,

 

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

gravity component of roll: 

22

6014505260 






 −
⋅++








−+±=

B

dz
k,k,

L

x
,,aa

oy  

- Longitudinal acceleration (in longitudinal di-
rection) due to surge and pitch including 
gravity component of pitch: 

ax = ± + −a A A
o

0 06 0 252
, ,  

where: 
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ax, ay, az = maximum dimensionless accelerations 
(i.e., relative to the acceleration of grav-
ity g) in the related directions x, y and z. 

A = 0 7
1200

5
0 6

,
,

− +
−









L z d

L Cb

; 

ao = 0 2
3

,
v

L

C C

L
f

w L+
⋅ ⋅











⋅ ; 

k = 13 
GM

B
; 

MG  = metacentric height, in [m]; 

kmin = 1,0; 

Cw = wave coefficient, see 3.1.2.2; 
CL = length coefficient, see 3.1.2.2 
f = factor depending on probability level Q as 

outlined in Table 3.5.1; 

L = not to be taken less than 100 m. 

Table 3.5.1 

Q f 

10-8 1,000 

10-7 0,875 

10-6 0,750 

10-5 0,625 

10-4 0,500 
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4 LONGITUDINAL STRENGTH 

4.1 GENERAL 

4.1.1 These requirements apply only to steel ships of 
length 65 m and greater in unrestricted service. For ships 
having one or more of the following characteristics, special 

additional considerations will be given by the Register. 

− ships with proportion L/B ≤ 5 and B/D ≥ 2,5; 

− ships with length L ≥ 500 m; 

− ships with block coefficient  Cb < 0,6; 

− ships with large deck openings; 

− ships with large flare; 

− ships intended for carriage of heated cargoes; 

− ships of unusual type or design, 

− ships with speed greater than: ν = 1,6 L , [kn]. 

For bulk carriers with notation BC-A, BC-B or 
BC-C (for definition of bulk carrier notations see Section 
17.4.6), these requirements are to be complied with by ships 
contracted for construction on or after 1 July 2003. For other 

ship types, this revision of these requirements is to be com-
plied with by ships contracted for construction on or after 1 
July 2004. 

 These requirements do not apply to CSR Bulk 

Carriers and Oil Tankers or to container ships to which Sec-
tion 4.8 is applicable except requirements in items 4.1.2 to 
4.1.5 which apply in addition to those of the Common Struc-
tural Rules for Bulk Carriers and Oil Tankers. 

4.1.2 Definitions 

Ms = still water bending moment, in [kNm]; 
Mw = vertical wave bending moment, in [kNm]; 
Cw = wave coefficient depending on length; 

Fs = still water shear force, in [kN]; 
Fw = vertical wave shear force, in [kN]; 
Iy = moment of inertia of the transversal sec-tion, 

in [cm4], around the horizontal axis; 

W = section modulus of transversal section around 
the horizontal axis, in [cm3]; 

S = first moment of the sectional area of the lon-
gitudinal members, in [cm3], related to 

the neutral axis; 
Cb = block coefficient; 
v = maximum speed of ship, in [kn], at defined 

shaft revolution and engine power. 
k = material factor according to 1.4.2.2 

x = distance, in [m], between aft end of length L 
and the position considered 

Hsg, Hsd = vertical extent of HS steel used in deck or 
bottom, [m]. 

4.1.3 Explanations 

− Longitudinal members - parts of hull 

structure which participate in longitudinal 
strength and which extend continuously 
over 0,4·L amidship. 

− Strength deck - is the deck forming the 

upper flange of the hull girder. That may be 
deck of a midship superstructure if it is at 
0,4 L amidship and extend in length greater 

than: 

L = 3 ⋅ (B/2 + h), [m] 

where: 
h = height from uppermost continuous deck 

to the deck considered, in [mm]. 

− Longitudinal bulkhead - longitudinal 

bulkhead which extend from bottom to 
deck and which is efectively connected 
with shell plating by transversal bulkheads 
at both ends. 

− Effective shear area of shell or inner 
shell - area of entire height. 

− Effective shear area of longitudinal 
bulkhead - area of entire height of bulk-
head. Where bulkhead is corrugated area of 

cross section is to be deducted for relation 
between projected and developed length of 
corrugation 

− Loading manual - is a document which 

describes: 

− The loading conditions on which the 

design of the ship has been based, in-
cluding permissible limits of still water 
bending moment and shear force. 

− The results of the calculations of still 
water bending moments, shear forces 

and where applicable, limitations due to 
torsional and lateral loads. 

− The allowable local loading for hatch 

covers, decks, double bottom, etc. 

− Loading instrument - is an instrument, 
which is either analog or digital, consisting 

of loading computer (hardware) loading 
program (software) and by means of which 
it can be easily and quickly ascertained that, 
at specified read-out points, the still water 

bending moments, shear forces, and the still 
water torsional moments and lateral loads, 
where applicable, in any load or ballast 
condition are not exceed the specified per-

missible values. 
An operational manual is always to be pro-
vided for the loading instrument. 
Loading instrument must be approved and 

type tested, see also 4.1.4.5. 
Single point loading instrument are not ac-
ceptable. 
The operation manual is also subject to ap-

proval. 
Type approved hardware may be waived, if 
redundancy is ensured by a second certified 
loading instrument. 

Loading programs shall be approved and 
certified, see also 4.1.4.5.  

4.1.4 Requirements for loading 

manuals and loading instruments 

4.1.4.1 General, application 

− A loading guidance information is a means 

which enables the master to load and ballast 
the ship in a safe manner without exceeding 
the permissible stresses.  

− An approved loading manual is to be sup-

plied for all ships except those of Category 
II with length less than 90 m which the 
deadweight does not exceed 30% of the 

displacement at the summer loadline raft. 
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In addition, an approved loading instrument 
is to be supplied for all ships at Category I 
with length of 100 m and above. 
In special cases, e. g. extreme loading con-

ditions or unusual structural configurations, 
Register may also require an approved 
loading instrument for ships of Category I 
less than 100 m in length. 

 carriers and combination carriers are given 
in Section 17. 

Ship categories for the purpose of this par-
agraph are defined as follows: 

Category I ships: 

− Ships with large deck openings where com-

bined stresses due to vertical and horizontal 
hull girder bending and torsional and lateral 
loads have to be considered. 

− Ships liable to carry non-homogeneous 

loadings, where the cargo and ballast may 
be unevenly distributed. Ships less than 120 
metres in length, when their design takes 

into account uneven distribution of cargo or 
ballast, belong to Category II. 

− Chemical tankers and gas carriers. 

Category II ships: 

− Ships with arrangement giving small possi-

bilities for variation in the distribution of 
cargo and ballast (e.g. passenger vessels) 
and ships on regular and fixed trading pat-
tern where the Loading Manual gives suffi-

cient guidance, and in addition those excep-
tions given under Categories I. 

4.1.4.2 Annual and renewal survey 

At each Annual and Class Renewal Survey, it is 

to be checked that the approved loading guidance information 
is available on board. 

The loading instrument is to be checked for ac-
curacy at regular intervals by the ship's Master by applying 

test loading conditions. 

At each Class Renewal Survey this checking is 
to be done in the presence of the Surveyor. 

4.1.4.3 Conditions of approval of loading manuals 

4.1.4.3.1 The approved Loading Manual is to be based 

on the final data of the ship. The Manual is to include the de-
sign loading and ballast conditions upon which the approval 
of the hull scantlings is based. 

The Loading Manual must be prepared in a 

language understood by the users. If this language is not Eng-
lish, a translation into English is to be included. 

In case of modifications resulting in changes to 
the main data of the ship, a new approved Loading Manual is 

to be issued. 

Item 4.1.4.3.2 contains, as guidance only, a list 
of the loading conditions which normally should be included 
in the Loading Manual. 

4.1.4.3.2 The Loading Manual should contain the design 
loading and ballast conditions, subdivided into departure and 
arrival conditions, and ballast exchange at sea conditions, 
where applicable, upon which the approval of the hull scant-

lings is based. 

 In particular the following loading conditions 
should be included: 

Cargo ships, container ships, roll-on/roll-off 

and refrigerated carriers, ore carriers and bulk carriers: 

− Homogeneous loading conditions at maxi-

mum draught. 

− Ballast conditions. 

− Special loading conditions e.g., container or 
light load conditions at less than the maxi-

mum draught, heavy cargo, empty holds or 
non-homogeneous cargo conditions, deck 
cargo conditions, etc., where applicable. 

− Short voyages or harbour conditions, where 

applicable. 

− Docking conditions afloat. 

− Loading and unloading transitory condi-
tions, where applicable. 

Oil tankers: 

− Homogeneous loading conditions (exclud-

ing dry and clean ballast tanks) and ballast 
or part loaded conditions for both departure 
and arrival. 

− Any specified non-uniform distribution of 

loading. 

− Mid-voyage conditions relating to tank 

cleaning or other operations where these 
differ significantly from the ballast condi-
tions. 

− Docking conditions afloat. 

− Loading and unloading transitory condi-

tions. 

Chemical tankers: 

− Conditions as specified for oil tankers. 

− Conditions for high density or heated cargo 
and segregated cargo where these are in-

cluded in the approved cargo list. 

Liquefied gas carriers: 

− Homogeneous loading conditions for all 

approved cargoes for both arrival and de-
parture. 

− Ballast conditions for both arrival and de-

parture. 

− Cargo conditions where one or more tanks 

are empty or partially filled or where more 
than one type of cargo having significantly 
different densities are carried, for both arri-

val and departure. 

− Harbour condition for which an increased 
vapour pressure has been approved. 

− Docking condition afloat. 

Combination carriers: 

- Conditions as specified for oil tankers and 
cargo ships. 

4.1.4.4 Conditions of approval of loading instru-

ments 

4.1.4.4.1 The approval of the loading instrument is to in-
cluded: 

− Verification of type approval, if any, 

− Verification that the final ship data have 
been used, 

− Acceptance of number and position of read-

out points,  
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− Acceptance of relevant limits for all read-
out points, 

− Checking of proper installation and opera-
tion of the instrument on board, in accord-
ance with agreed test conditions, and that a 

copy of the approved operation manual is 
available. 

4.1.4.4.2 Paragraph 4.1.4.5 contains information on ap-
proval procedures for loading instruments. 

4.1.4.4.3 In case of modifications implying changes in 
the main ship data, the loading instrument is to be modified 
accordingly and approved. 

4.1.4.4.4 The operation manual and the instrument out-

put must be prepared in a language understood by the users. 
If this language is not English, a translation into English is to 
be included. 

4.1.4.4.5 The operation of the loading instrument is to be 

verified upon installation. It is to be checked that the agreed 
test conditions and the operation manual for the instrument is 
available on board. 

4.1.4.5 Approval procedures of loading instruments 

4.1.4.5.1 Type test of the loading instrument 

The type test requires: 

− The instrument has to undergo successful 

tests in simulated conditions to prove is 
suitability for shipboard operation, 

− The type test may be waived if a loading 

instrument has been tested and certified by 
an independent and recognised authority, 
provided the testing program and results are 

considered satisfactory. 

4.1.4.5.2 Certification  of the loading program 

a) After the successful type test of the hard-
ware, if required, see 4.1.3, the producer 

of the loading program shall apply at 
Register for certification. 

b) The number and location of read-out 
points are to be to the satisfaction of the 

Register. 
Read-out points are to be usually selected 
at the positions of the transverse bulk-
heads or other obvious boundaries. Addi-
tional read-out points may be required be-

tween bulkheads of long holds/tanks. 
c) The Register will specify: 

- the maximum permissible still water 
shear forces, bending moments (lim-

its) at the agreed read-out points - 
when applicable, the shear force cor-
rection factors at the transverse bulk-
heads, 

- when applicable, the maximum per-
missible torsional moment, 

- also when applicable the maximum 
lateral load. 

d) For approval of the loading program the 
following documents have to be handed 
in: 
- operation manual for the loading pro-

gram, 

- print-outs of the basic ship data like 
distribution of light ship weight, tank 
and hold data etc., 

- print-outs of at least 4 test cases, 

-  diskettes with loading program and 
stored test cases. 

The calculated strength results at the fixed read-
out points shall not differ from the results of the test cases by 

more than 5 % related to the approved limits. 

4.1.4.5.3 Loading instrument 

 Final approval of the instrument be granted 
when the accuracy of the instrument has been checked in the 

presence of the Surveyor after installation on board ship us-
ing the approved test conditions. 

If the performance of the loading instrument is 
found satisfactory during the installation test on board, the 

certificate issued by Register and handed over on board will 
become valid. 

4.2 VERTICAL LONGITUDINAL 

BENDING MOMENTS AND SHEAR 

FORCES 

4.2.1 Still water bending moment 

and shear force 

4.2.1.1 Still water bending moments, Ms [kNm], and 

still water shear forces, Fs [kN], are to be calculated at each 
section along the ship length for design cargo and ballast 

loading conditions as specified in 4.2.1.2. 

For these calculations, downward loads are as-
sumed to be taken as positive values, and are to be integrated 
in the forward direction from the aft end of L. The sign con-

ventions of Ms and Fs are as shown in Fig. 4.2.1.1. 

 

Figure 4.2.1.1 

 

4.2.1.2 Design loading conditions 

In general, the following design cargo and bal-
last loading conditions, based on amount of bunker, fresh wa-

ter and stores at departure and arrival, are to be considered 
for the Ms and Fs calculations. Where the amount and dispo-
sition of consumables at any intermediate stage of the voyage 
are considered more severe, calculations for such intermedi-

ate conditions are to be submitted in addition to those for de-
parture and arrival conditions. Also, where any ballasting 
and/or deballasting is intended during voyage, calculations of 
the intermediate condition just before and just after ballasting 

and/or deballasting any ballast tank are to be submitted and 
where approved included in the loading manual for guidance. 
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General cargo ships, container ships, roll-

on/roll-off and refrigerated cargo carriers, bulk carriers, 

ore carriers: 

− Homogeneous loading conditions at maxi-

mum draught. 

− Ballast conditions. 

− Special loading conditions e.g., container or 

light load conditions at less than the maxi-
mum draught, heavy cargo, empty holds or 
non-homogeneous cargo conditions, deck 
cargo conditions, etc., where applicable. 

− All loading conditions specified in Section 
17.4.6.4 for bulk carriers with notation BC-
A, BC-B or BC-C, as applicable. 

Oil tankers: 

− Homogeneous loading conditions (exclud-

ing dry and clean ballast tanks) and ballast 
or part loaded conditions. 

− Any specified non-uniform distribution of 

loading. 

− Mid-voyage conditions relating to tank 

cleaning or other operations where these 
differ significantly from the ballast condi-
tions. 

Chemical tankers: 

− Conditions as specified for oil tankers. 

− Conditions for high density or segregated 

cargo. 

Liquefied gas carriers: 

− Homogeneous loading conditions for all 

approved cargoes. 

− Ballast conditions. 

− Cargo conditions where one or more tanks 
are empty or partially filled or where more 

than one type of cargo having significantly 
different densities are carried. 

Combination carriers: 

− Conditions as specified for oil tankers and 

cargo ships. 

4.2.1.3 Partially filled ballast tanks in ballast load-

ing conditions 

Ballast loading conditions involving partially 
filled peaks and/or other ballast tanks at departure, arrival or 
during intermediate conditions are not permitted to be used as 
design conditions unless: 

− design stress limits are satisfied for all filling 
levels between empty and full and 

− for bulk carriers, Section 17.2.2.2, as applica-
ble, is complied with for all filling levels be-
tween empty and full. 

To demonstrate compliance with all filling lev-
els between empty and full, it will be acceptable if, in each 
condition at departure, arrival and where required by Section 
4.2.1.2 any intermediate condition, the tanks intended to be 

partially filled are assumed to be: 
- empty 
- full 
- partially filled at intended level 

Where multiple tanks are intended to be partial-
ly filled, all combinations of empty, full or partially filled at 
intended level for those tanks are to be investigated. Howev-
er, for conventional ore carriers with large wing water ballast 

tanks in cargo area, where empty or full ballast water filling 
levels of one or maximum two pairs of these tanks lead to the 

ship’s trim exceeding one of the following conditions, it is 
sufficient to demonstrate compliance with maximum, mini-
mum and intended partial filling levels of these one or maxi-
mum two pairs of ballast tanks such that the ship’s condition 

does not exceed any of these trim limits. Filling levels of all 
other wing ballast tanks are to be considered between empty 
and full. The trim conditions mentioned above are: 

- trim by stern of 3% of the ship’s length, or 

- trim by bow of 1,5% of ship’s length, or 

- any trim that cannot maintain propeller im-
mersion (I/D) not less than 25%, where; 

I = the distance from propeller centerline to the 

waterline 

D = propeller diameter (see Fig. 4.2.1.3) 

0Figure 4.2.1.3 
 
The maximum and minimum filling levels of 

the above mentioned pairs of side ballast tanks are to be indi-
cated in the loading manual. 

It is recommended that IACS Rec. No.97 be 
taken into account when compiling ballast loading condi-

tions.  

4.2.1.4 Partially filled ballast tanks in cargo loading 

conditions 

In cargo loading conditions, the requirement in 

4.2.1.3 applies to the peak tanks only. 

4.2.1.5 Sequential ballast water exchange 

Requirements of 4.2.1.3 and 4.2.1.4 are not ap-
plicable to ballast water exchange using the sequential meth-

od. However, bending moment and shear force calculations 
for each deballasting or ballasting stage in the ballast water 
exchange sequence are to be included in the loading manual 
or ballast water management plan of any vessel that intends 
to employ the sequential ballast water exchange method. 

4.2.2 Wave bending moment 

The vertical wave bending moments, Mw 
[kNm], at each section along the ship length are given by the 
following formulae: 

Mw = + 190 M Cw L2 B Cb ⋅ 10-3, [kNm], hogging condition, 

Mw = -110 M Cw L2 B (Cb + 0,7) ⋅ 10-3, [kNm ], sagging 
condition, 

where: 
M = Distribution factor given in Fig. 4.2.2. 

Cw = 10,75 - 
300

100

1 5
−









L
,

, for 90 ≤ L ≤ 300 

Cw = 10,75,      for 300 < L ≤ 350 
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applied, are to be sufficiently spaced from 
the considered detail, for the reduction of 
effect of boundary conditions to the results 
– St. Venant principle, 

- the model ends are recommended to corre-
spond to the locations of substructures or 
strong girders, 

- local geometry (lightening openings, addi-

tional framing, brackets and other details) 
are to be modelled in accordance with clas-
sification and/or workshop documentation. 

Examples of very fine FEM mesh of structural 

details are shown in Figure D.2.1.7.3. 
 

 

 

Figure D.2.1.7.3 3-D FEM models of ship's structural de-
tails (very fine mesh) 

D.2.1.7.4 One of the following models is applied in the 

calculation of the stress concentration by means of very fine 
FEM models, see Figure D. 2.1.7.4: 

D.2.1.7.5 Fine mesh model loads are prescribed directly 
to the model, in accordance with considered load cases, from 

which displacement boundary conditions have been taken 
(may be applicable as force boundary conditions, where more 
appropriate). 

D.2.2 Selection of elements and/or 

macroelements and mesh density 

Type of finite element and mesh density is se-

lected according to expected response field, which is to be 
accurately presented, see D.2.3. Generally, mesh of macro el-
ements (complex finite elements) corresponds to the mesh of 
strong girders in the structure. 

Likewise, strong girders at the edges of macro-
elements provide boundary conditions for automatic control 
of feasibility of individual macroelement (buckling). In this 
case, macroelement (stiffened panel, strong girder) is not to 

comprise more than 4 spacing of stiffeners. 

METHOD CHARACTERISTICS 

Sub-model method (top-

down approach) 

GLOBAL 

MODEL 

LOCAL 

MODEL 

 

At the model level with coarser 

mesh displacement boundary 

conditions for finer models are 
generated. Minimum linear in-
terpolation of field displace-
ment to boundary conditions is 

required (− − − −) according to 
the displacement in the nodes 
of coarser mesh. 

Superelement Method Model with fine mesh is stati-
cally condensed and directly 
included as stiffness into coars-

er model through freedom de-
grees connected to nodes (super 
nodes •••• ) and specialised soft-
ware is required. 

 

Method of  direct im-

plementation of fine 

mesh model to coarse 
model (D.2.1.3-D.2.1.6) 

 

It is useful to a certain extent of 

fine mesh density, but effec-

tiveness and flexibility of cal-
culation is reduced. 

 

Figure D.2.1.7.4 Methods of stress concentration calcula-
tion by very fine FEM models 

D.2.2.1 Beam elements and macroelements 

D.2.2.1.1 Standard beam element (characteristics): 

(a) 6 (3) degrees of freedom by node, axial 
stiffness (rod), bending and torsion stiff-

ness (beam), 

(b) includes correction of deflection due to 
shear. 

D.2.2.1.2 Beam macroelement (see also CREST CRS, 

ref. [2]): 

(a) axial stiffness of bracket at the model 
edges may be included through the super 
element composed of three rod elements 

(bracket, free span, bracket) of different 
section area, 
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 (b) rigid ends are included by standard pro-
cedure of transition of vector displace-
ment from the element end node to the 
inner end point of the rigid element part, 

on the basis of the following kinematics 
assumptions: 

- rotation in both nodes is the same, 

- translation of inner node is sum of 

translations of end node and product 
of its rotation with the length of rigid 
end (spacing between end and inner 
node). 

D.2.2.2 Membrane finite elements 

Standard membrane finite elements are trian-
gles, rectangular and quadrilateral elements with ratio of ad-
jacent sides less than 1:4. 

If possible, triangle elements and acute angles 
of all types of elements are to be avoided. 

Angles of quadrangular elements are to be 
greater than 60°and less than 120°, while for triangular ele-

ments are to be greater than 30° and less than 120°. 

D.2.2.3 Finite Plate Elements  

As ditto in D.2.2.2. 

D.2.2.4 Macroelements of framed membranes and 

plates 

As ditto in D.2.2.2. 

Stiffeners within the macroelement's field are 
modelled on their actual positions (see computing system 
CREST CRS [2]). 

On agreement with the Register, exceptionally 
in coarse meshes the following may be used:  

-  orthotropic elements with equivalent thick-

ness in two directions, 

- equivalent stiffeners at the edges of ele-
ments with the stiffness corresponding to 
the sum of stiffeners stiffness in the field. 

D.2.2.5 Special Elements  

Pillars are modelled with rod elements. 

D.2.3 Equivalent modelling of the 

strucutral element properties 

Equivalent modelling is used for simplification 
of a model for coarse and fine meshes. 

Modelling is to provide actual stiffness of the 
structure, but not necessarily the distribution of stresses with-

in the equivalent structure. 

Stress distribution and level around equivalent 
structural part are to be unchanged. 

Equivalent modelling is always to extend at the 

safety side, i.e. obtained response is to exceed the actual one 
while capability is to be less than actual. 

The following notes are to be considered: 

- beam girders in beam-membrane model are 

modelled with effective width of plating at 
bending. Plating (membrane) and beam 
(rod) absorb the energy of axial load while 
bending energy is absorbed only by beam 

(beam elements with effective width of 
plating), 

- for small eccentricities of ship's strong 
girders, the nodes of element's mesh are to 

be placed in the plating, 

- small openings in the girders or plating are 
to be larger openings (e.g. manholes) may 
be taken into consideration by deleting the 

element or by reduction of girder's thick-
ness, as follows:neglected, 

- proportionally to the portion of openings in 
the height of girder, 

- proportionally to the portion of opening in 
the girder area, 

-  small brackets on the girders may be ne-
glected, 

- partial stiffeners may be also neglected. 

D.2.4 Modeling procedure and 

verification of the model 

Control of development and verification of 
model the are essential for the application of FEM numerical 
method.  Only the computing program with graphical presen-
tation of model and response is acceptable and feature of au-
tomatic data generators is highly desirable, in order to reduce 

effort and consequently inevitable failures. 

 For the purpose of ensuring modelling quality, 
the following is to be recommended: 

- control of input of numerical data through 

the team work (i.e. checks, double-
checks, etc.), 

- visual verification of special data groups 
(plate thickness, type of material, profile 

characteristics etc.), 

- application of test load (or actual load) 
for the verification of : 

 consistency of model (potential “cracks” due to 
unconnected elements – free edges) 

 boundary conditions (e.g. illogical response), 
etc. 

D.3 LOADING OF THE STRUCTURE 

D.3.1  General  

D.3.1.1  Selection of design loading conditions and 

loads cases 

Design load cases (LCa)  for given loading 
conditions (LCo) are to include all relevant load components, 

as prescribed in accordance with the Rules. 

Design loading cases for given loading condi-
tion are to set all essential structural elements into condition 
of the most significant (design) response, in relation to which 
the capability of structural element is evaluated. 

In principle, the most unfavourable responses 
will be obtained by structural analysis for extreme sea load-
ing conditions (sagging and hogging) of the hull girder and 

for the inclined ship. 

Loading conditions, related to longitudinal 
strength, are specified in the Rules, 4.2.1.2. 
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Dynamic loads from the ship's motion as a rigid 
body produce inertial structural loads. Masses of ship and 
cargo are multiplied by global vector of ship's translational 
accelerations (for heaving, swaying and surging), or alterna-

tively, ship's local angular accelerations (pitching, rolling and 
yawing), subject to the mass position in relation to rotation 
centre, are to be calculated. 

For simplified determination of design load 

cases, it is recommended that load cases are prescribed by 
concentrated masses or distribution of mass (structure and 
cargo) instead of local pressures/forces. 

Vector of ship's acceleration is stated in the 

Rules, 3.5, or is obtained by sea-keeping calculation, previ-
ously approved by the Register. 

For determination of load cases for selected 
loading condition, the application of Turkstra's rule may be 

considered, so that only one of the components in the consid-
ered case has the extreme value, since  the simultaneous max-
imum of more load components is not probable, unless ex-
pressly prescribed by the Rules. 

D.3.1.2 Determination of design load cases 

As specified in D.3.1.1, design load cases are to 
bring structural elements into condition of maximum possible 
(design) response. It will require control of the sagging and 

hogging condition of the elements with structurally possible 
boundary conditions at their edges, respectively: 

- that the elements will be loaded by pres-
sure or mass (inertial loads) in both direc-

tions of the normal to the element, in case 
this is permissible by loading cases, 

- bending of adjacent elements will define 
degree of elastic restraint of the consid-

ered element, and thus for adjacent ele-
ments load in both directions or unloaded 
condition is to be considered. 

Example 1: Outer shell plating panel in double bottom – 
design load cases: 

- maximum draught and empty double bot-
tom will produce critical hogging of the 
shell plating panel, 

- maximum tank filling in double bottom 

and minimum draught will produce criti-
cal sagging of the shell plating panel. 

Specified load cases are to be additionally con-
sidered with respect to the: 

- boundary conditions effect (adjacent 
tanks, full and/or empty), 

-  appropriate level of superimposed prima-
ry stresses. 

Example 2: For evaluation of panel boundary conditions we 
consider joining node (cross joint) of four spaces a, b, c and d 
separated e.g. by longitudinal and transverse watertight bulk-
heads (LWB or TWB) or joining node (A) three spaces (tank) 

a, b and c separated e.g. by inner bottom plating and water-
tight floor, see Figure D.3.1.2. For combination full (=1) and 
empty  (=0) in the first case 16 different load cases may be 
obtained (abcd = 1000, 1001, 1010, 1011,..., 0111), and in the 

second case eight different load cases (abc= 100, 101, 110, 
111,...,011). 
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Figure D.3.1.2 

Each of the specified cases produces different 
state of deformation in bulkheads or inner bottom plating, 

from which some will be critical, while some of them cannot 
appear at all for the assigned loading conditions. 

The designer is to consider sufficiency and ad-
equacy of load cases in relation to the stated conditions, es-

pecially for sagging (resulting buckling or plastic defor-
mation of plating) and hogging of panel (resulting buckling 
or plastic deformation of stiffener flange). For the selection 
of load cases, special attention is to be given to the most in-
convenient combination, resulting in the most significant lev-
el of primary stresses. 

In the case of a part of inner bottom plating a-b, 
see Figure D.3.1.2, it is evident that among critical (design) 
load cases there will be combinations 101 (sagging) and 010 

(hogging), related to unfavourable boundary conditions, stat-
ed in node (A). 

The Register may require control of omitted 
load cases, if considered critical.  

D.3.2 Load components 

Load components applied in direct calculation 
are to be in accordance with the Rules and given load condi-
tions. 

For specific types of ships, other than loads 
specified in this Section, additional requirements for loads 
are to be considered and applied, in accordance with the 
Rules, Section 17-21, subject to the type of ship. 
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D.3.2.1  Load from lightship weight  

Load from lightship weight is to be taken into 
consideration for all types of direct calculations. If actual 
structural mass is known (Trim and Stability Book), idealized 

mass, obtained through FEM model, is to be adapted to the 
actual structural mass. Lightship weight is obtained by multi-
plying structural mass with adequate acceleration vectors, ac-
cording to D.3.2.4. 

D.3.2.2  Hydrostatic and hydrodynamic external 

sea loads 

Subject to the design load condition and ship's 
draught, as defined in D.3.1, values of the load to the shell 

plating and upper deck are to be determined in accordance 
with the Rules, 3.2. 

D.3.2.3  Loads from cargo in tanks and decks  

Subject to the design loading condition, the 

load of tank's structure is calculated in accordance with the 
Rules, 3.4. Deck load from cargo and accommodation deck 
load are to be determined in accordance with the Rules, 3.3. 
It is recommended to recalculate the pressures (force per unit 
area) to masses per unit area, see D.3.1.1. 

D.3.2.4  Loads from ship's motion 

Dynamic loads due to ship's motion are given 
through acceleration vector components, in accordance with 

the Rules, 3.5. Rotation centre may be placed at 0.05⋅L from 
amidships toward stern. 

D.3.2.5  Loads from wave moments and transverse 

forces 

For all types of direct calculations in the con-
sidered section, bending moments and shear forces, specified 

in the text below, are to be applied and/or achieved. 

D.3.2.5.1 Vertical bending moments MS and shear forces 
FS in still water are to be determined in accordance with the 
Rules, 4.2.1. 

D.3.2.5.2 Vertical bending moments MW and shear forces 
Fw induced by waves, are to be determined in accordance 
with the Rules, 4.2.2 and 4.2.3. 

D.3.2.5.3 Additional bending moments caused by slam-

ming MSL are to be determined in accordance with the Rules, 
4.5.1.  

D.3.2.5.4 Wave induced horizontal bending moments 
MWH are to be determined in accordance with the Rules, 

4.5.2. 

D.3.2.5.5 Torsional loads respectively distribution of 
twisting moments for ships with “open” sections (container 
ships, bulk carriers, etc.), catamarans, semi-submersibles etc., 

are to be specially considered on agreement with the Regis-
ter. Torsion stiffness at pure torsion, torsion stiffness with re-
strained warping and centre of torsion are to be determined 
by FEM procedure from CREST CRS system [2] or any oth-

er acceptable analytical method. 

D.3.2.6 Other Loads 

Loads of heavier equipment, main engine, con-
tainers, etc. are to be modelled at their actual positions, tak-
ing into account distance of the mass centre of gravity from 

the supporting points. Inertial forces taken up by supporting 

points are to be correctly distributed, subject to the type of 
support. 

Wheeled loads in Ro-Ro ships should be spe-
cially considered and applied in agreement with the Register. 

D.3.2.7 Special notes for loads of 3-D FEM full ship 

model  

D.3.2.7.1 Where 3-D FEM full ship model loads are giv-
en, the notes specified in D.2.1.6.3  (relating to model balanc-

ing), as well the following instructions will be valid:  

- if distribution of actual light ships mass is 
known (from the Trim and Stability 
Book), idealized mass obtained by FEM 

model is to be adapted to the actual mass 
(addition for mass of neglected stiffening, 
painting, welds, pipes, etc.), 

- wave load for these models is given in the 

agreement with the Register. 

D.3.2.7.2 Loads to wetted surface of global 3D FEM 
model could be given simultaneously or separately in two 
forms: 

(1) Sinusoidal quasi-static static design wave 
of length λ, including correction for 
Smith's effect: 

p=pw e
 -kd 

where: 

pw  = wave hydrostatic pressure,  

k  = 2π / λ wave number,  

d  = distance of  the considered point from 

the wave axis. It is assumed that design 
wave defined in this manner generates 
wave bending moments as specified in 
D.3.2.5.2.  

In this manner primary (hull girder bending) 
and secondary (coupled bending of structural girder and 
plating) stresses within shell plating panels (membrane 
stresses) are obtained from FEM model. 

(2) By means of design pressures, according 
to the Rules, 3.2, for obtaining realistic 
total stresses (primary + secondary + ter-
tiary) due to bending of plating and panel 

stiffeners, for the calculation of shell plat-
ing panel feasibility (interaction formu-
lae, see Section D.5). 

In the feasibility formulae greater of the values 

specified under (1) and (2) is relevant. 

D.3.3 Determination of equivalent 

loads in the model nodes 

For the continuous loads (by side, by area or by 

volume) the equivalent nodal loads are to be determined us-
ing the work equivalency principle between work of the dis-
tributed load on the displacement field of the respective ele-
ment and the work of equivalent nodal forces on the corre-

sponding nodal displacement field. 

Specified transformation is to be used by the 
applied computer program. 
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D.3.4 Force boundary conditions 

in the partial model sections 

D.3.4.1  Hull bending and torsion moments, sec-

tional stress distribution 

Depending on the prescribed boundary mo-
ments of the vertical and horizontal bending and torsion mo-
ment or angles of twist, the equivalent distribution of force 

boundary conditions (normal stresses distribution) is obtained 
for the end sections of partial models, including: 

- vertical bending σV, 

- horizontal bending σH, 

- restrained warping σW (warping stress). 

Distribution of force boundary conditions is 
given in accordance with extended beam theory (see compu-
ting program CREST CRS) or on the basis of analytical 

method of sufficient accuracy. 

For the case of hull girder bending, normal 
stresses σV and σH are to be corrected due to influence of the 
shear stress, i.e. in the sheer strake and deck stringer. 

For the case of torsion with restrained warping, 
distribution of normal stresses σW (determined by the means 
of second derivations of the angle of twist obtained from the 
hull girder torsion calculation (to be submitted to the Regis-
ter) is to be imposed. 

Distribution of normal stresses for plates and 
profiles of adequate scantlings is to be converted into distrib-
uted load, and in accordance with D.3.3 it is to be converted 
into equivalent FEM model nodal forces. 

D.3.4.2 Transverse forces due to hull bending and 

torsion and their distribution  

On the basis of prescribed transverse forces due 
to (1) vertical and (2) horizontal bending at the model ends 

and (3) angles of twist and its derivations in torsion with re-
strained warping, equivalent shear stress distribution repre-
senting force boundary conditions, is obtained at end sections 
of partial models, namely: 

- vertical and horizontal bending τV, τH, 

- primary shear stresses (pure torsion) τ1, 

- secondary shear stresses (restrained warp-
ing) τ2. 

Distribution of specified boundary stresses is 
given in accordance with extended beam theory (see compu-
ting program CREST CRS) or according to analytical method 
of appropriate accuracy. 

Distribution of shear stresses for plates and pro-
files of adequate scantlings are converted into distributed 
load and in accordance with D.3.3 it is converted into equiva-
lent FEM model nodal forces. 

D.3.5 Verification of loads model 

D.3.5.1 For 3-D FEM models of ship's part, see 
D.2.1.5, and full ship, see D.2.1.6, the following data related 
to the verification of load model, should be submitted: 

.1 diagrams of vertical transverse forces and 
bending moments, obtained from loads 
applied on FEM model for all load cases, 

.2 diagrams of horizontal transverse forces 
and bending moments as well as twisting 
moments, obtained from loads applied on 
FEM model, where such load cases are 

considered, 

.3 table with bending moment and shear 
force values for individual sections, 

.4 applied acceleration components, 

.5 graphical or tabular presentation of exter-
nal sea load distribution upon the plating 
and model exposed deck, 

.6 graphical or tabular presentation of the 

load (pressure) distribution upon the tank 
plating and/or model deck, 

.7 resulting unbalanced forces and moments 
in the sections. 

D.4 STRUCTURAL RESPONSE 

CALCULATION BY FINITE 

ELEMENTS METHOD 

D.4.1 General 

Boundary conditions may be provided by e.g. 
excluding relevant rows and columns from the stiffness ma-
trix or modification of stiffness of diagonal matrix element 

and load vector, etc. 

For half hull models and transversely asymmet-
ric loads, the following will be allowed: 

(1) decomposition of asymmetric load vector 

to symmetric and anti-symmetric compo-
nent, 

(2) equations system is to be solved separate-
ly for adequate symmetry and anti-

symmetry boundary conditions, 

(3) resulting displacement vector is to be ob-
tained by inverse transformation in rela-
tion to (1). 

Transversely asymmetric structures are to be 
modelled in full (both sides). 

Solution of FEM equation system is to be con-
sistent, whilst stiffness matrix is to be positively definitive 

(internal control in the equation system solver). 

Values of reaction forces are to be within per-
missible tolerances, especially for full ship model, see 
D.2.1.6.3. 

Partial models calculation results, see D.2.1.5, 
in the zones adjacent to model section, are not to be consid-
ered in accordance with St. Venant principle, but are to be 
reasonable. When using sub-model, see D.2.1.7, the same 
principle is to be applied. 

D.4.2 Calculation and presentation 

of structural displacements 

For presentation of displacements, the follow-

ing should be submitted: 

- graphical layout (plot) of deformed struc-
ture and visual verification of physical 
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acceptability of model displacement in 
sufficient number of views, 

- table of significant nodal displacement 
with control of permissible displacement 

values (e.g. displacements of deck) with 
respect to linear theory of small dis-
placements. Control of displacements is 
carried out in relation to the selected ref-

erence items (boundary conditions, struc-
tural rigid parts, etc.) 

D.4.3 Calculation and presentation 

of structural stresses 

For presentation of stresses, the load levels in-
cluded into calculation are to be clearly presented (primary, 
secondary, tertiary). 

Components of the stress tensor are presented 
in the local coordinate system of elements and are calculated 
for the following reference points: 

- element centre of gravity, 

- element boundary nodes, 

- Gauss points for numerically integrated 
elements. 

Where stresses are presented with unique col-
our by element or contour lines for given stress level (so 

called iso-lines), the type of the stress tensor component, ref-
erence point and used type of presentation are to be stated 
(mean value or maximum on element). 

Graphical layout of stresses for coarse and fine 
mesh should include the following stress components by el-
ement: 

- mean normal stresses in both directions 
(σx, σy), 

- mean shear stresses (τ), 

- equivalent stresses (σVM, where is 

222 3τσσσσσ ++++−−−−++++==== yxyxVM
) 

Presenting of principal stresses (σ1, σ2) by ele-
ment in relation with local coordination system (stress trajec-

tory), may be used as alternative method. 

Graphical layout of the stress components is to 
be presented in sufficient number of views, so that all rele-
vant structural elements can be visible. 

Structural parts with increased stress level are 
to be graphically presented in details by means of so called 
contour layout. 

Structural detail models with very fine mesh are 

to be clearly indicated with any relevant stress components : 
principal stresses-σ1, σ2, …) in sufficient number of views. 

D.5 CALCULATION OF 

STRUCTURAL FEASIBILITY 

ACCORDING TO CRS CRITERIA 

D.5.1 Basic principles 

D.5.1.1 Structural Elements Safety Criteria - Gen-

eral 

Library of safety criteria includes mathematical 
formulation of different failure modes (serviceability and 
structural collapse) in the form of design constraints. The 
constraints are forming the envelope in the design space with 

feasible combinations of structural variables, which meet all 
restrictions.  

Feasibility is determined by the relation of: 

-  increased or extreme load (D=δ Dc), 
where δ is given load factor, whilst Dc is 

characteristic load or response obtained 
for that load, 

-  usable capability or capacity of structure 
(C = ε Cmax), where ε is given utility fac-

tor, whilst Cmax is combination of loads or 
responses (load effects) causing structural 
limit state. 

Loads D (demand) are set directly as forces or 

moments to the considered structural components or as re-
sponses/ stresses at the structural element. They are connect-
ed via equilibrium equation of acting force and resulting 
stresses so the criteria may defined as F < Fcrit  or as σ < σcrit, 
taking account of F = σ A. 

Plastic capability or capacity is Cmax= σY = ReH 
or Cmax= FY or Cmax= Mult  , depending on selected material. 

Calculation of capability C for different meth-

ods of buckling (σcrit or Fcrit) is given in the Rules, 4.6. 

Yielding criteria are given in D.5.2 for different 
structural parts. Buckling criteria are given in D.5.3 

 

D.5.1.2 Determination of feasibility criteria  

Criteria (constraints, limit states) are deter-
mined in the following ways: 

- through realised safety margin M = ε Cmax - δ 

Dc; (M > 0), 

- through realised safety factor γ = ε Cmax / δ Dc 

= Cmax / (γHRB Dc ); (γ > 1), 
where: 

- Cmax is capability  (capacity) for given el-
ement, whilst Dc is its load for considered 
load case. In factor γHRB, the utility factor 
εHRB and load factor δHRB are implicitly 
included. 

 Factor γ shows size of additional safety beyond 
prescribed factor γHRB. through  

- realised adequacy factor  (or adeqacy 
parameter [2, 4]) g = (γ-1)/(γ+ 1);(g>0) 
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D.5.1.3 Structural adequacy factor (normalised safe-

ty factor) 

In direct calculation, feasibility is expressed in 
the simplest way through adequacy factor, since thus the 

unique approach for all criteria is provided (plasticity, buck-
ling). 

Adequacy factor g may assume the value  

 -1 < g < 1. 

Value g = 0 corresponds to the limit or failure 
surface, separating feasible structures from unfeasible ones. 

Realised safety factor is obtained from the fol-
lowing formula: 

γ = (1 +g) / (1 - g) 

based on adequacy factor g given in output re-
sults (e.g. CREST CRS [2]). 

Direct relation of calculated capability and 

characteristic load of structural elements is obtained from the 
following formula: 

Cmax / Dc = γ γHRB = (1 +g) / (1 - g) γHRB 

D.5.2 Library of feasibility criteria 

- yielding 

Criteria of structural feasibility, related to per-
missible stress levels (Yield), are stated in Table D.5.1.1. 

The permissible stresses σdop are specified in 

Table D.5.2-1, in accordance with the Rules, subject to mate-
rial coefficient k, see the Rules, 1.4.2 and Table 1.4.2.2. 

Factor γHRB for yielding is calculated from the 
formula Cmax = ReH and from permissible stresses: 

γHRB = ReH / σdop 

where ReH = material yield point, whilst σdop is 
permissible stress as per the Rules. Factor γHRB is specified in 
Table D.5.2-2. 

Where feasibility calculation is performed by 
using γHRB (e.g. by CREST CRS program) the minimum val-
ue of the permissible adequacy factor amounts: 

gmin = 0. 

Where feasibility calculation is performed for 
γHRB = 1, the minimum value of the permissible adequacy fac-
tor is to be corrected for actual γHRB as per the following for-
mula: 

gHRB =( γHRB -1) / ( γHRB +1) 

Minimum adequacy factors gHRB are stated in 
Table D.5.2-2. 
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Table D.5.2-1 

2D/3D FEM models – coarse and fine mesh 

 

No. 

 

 

Structural element 

 

Rule 

 

Demand D11), D22), D33) 

Permissible stresses σdop
 

σVM
4)

 

equivalent 

σ
5)

 

normal 

τ6) 

shear 

1. - General 

 

4.3.2 

4.4.2.3 

D1   175/k  

110/k 

2. PLATING 

- bottom 

- side 

5.1.2 

5.2.1.2 

5.3.1.2 

D1+D2+D3 

D2+D3 

D2+D3 

 230/k 

125/k 

130/k 

 

3. DOUBLE BOTTOM 

- floors 

- long. girders 

7.2.8.2/3 D1+D2+D3 

D2 (p) 

D2 (p) 

230/k  

150/k 

150/k 

 

100/k 

100/k 

4. DOUBLE BOTTOM 

- floors 

- long. girders 

 

7.2.8.2.1 

7.2.8.2.1 

 

D2pop +0.3 (D2uzd+ D1) 

D1+D2uzd +0.3 D2pop 

  

170/k 

190/k 

 

5. FRAMING 

- frames, web frames 

 

- longitudinals  

 

8.1.2.1.4 

8.2.4.2 

8.2.3.1 

 

D2+D3 

 

D2+D3 

D1+D2+D3 

 

180/k 

 

 

230/k 

 

150/k 

 

150/k 

 

100/k 

 

 

100/k 

6. DECK  

- general 

- cantilever beams 

- beams 

- top of coaming 

- flange of girder 

- top of coaming 

- flange of girder 

- coaming at deck level 

 

9.1.2 

9.4.2.1 

9.4.2.1 

9.5.2.3 

 

D2+D3 

D2+D3 

D2+D3 

D1+D2+D3 

 

 

D2 

D2 

 

180/k 

 

180/k 

230/k 

 

150/k 

125/k 

150/k 

200/k 

 

 

150/k 

70/k 

 

100/k 

80/k 

80/k 

90/k 

7. TANKS 

- stiffeners and girders 

 

11.2.3.2 

 

D2+D3, (static-test) 

180/k 

200/k 

150/k 

180/k 

100/k  

120/k 

 GENERAL 

8. STIFFENED PANEL 

- plating 

 

- stiffeners  

 

  

D1+D2+D3 

 

D1+D2+D3 

D2+D3 

 

230/k 

 

230/k 

180/k 

 

210/k 

 

210/k 

150/k 

 

110/k 

 

100/k 

100/k 

9. STRONG TRANSVERSE 
GIRDER 

 D1+D2+D3 180/k 170/k 100/k 

10. STRONG 
LONGITUDINAL 
GIRDER 

 D1+D2+D3 230/k 190/k 100/k 

2D/3D FEM models - very fine mesh 

 Direct notch stress  Dmax  (D1+D2+D3 ) 1.1 ReH 

Notes: 
1) D1 = primary loads (demand) calculated as per D.1.3.1 
2) D2 = secondary loads (demand) calculated as per D.1.3.2 
3) D3 = tertiary loads (demand) calculated as per D.1.3.3 

4)  222 3τσσσσσ ++++−−−−++++==== yxyxVM
 

5) σ = normal stresses, including all stress components (bending + axial) in different directions subject to element type, 
6) τ = mean shear stresses by element. 
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Table D.5.2-2 

2D/3D FEM Models – Coarse and Fine Mesh 

 
No. 
 

 

 

Structural element 

 

 

Rule 

 

 

Demand D1, D2, D3 

Factor γHRB and 

min. adequacy factor (gHRB) 

for stress criteria 

Equivalent 
stress 

Normal stress Shear stress 

1. - General 
 

4.3.2 
4.4.2.3 

D1   1.34 (0.145) 1.23 (0.103) 

2. PLATING 
- bottom 
- side 

5.1.2 
5.2.1.2 
5.3.1.2 

D1+D2+D3 
D2+D3 
D2+D3 

 1.02 (0.010) 
1.88 (0.305) 
1.81 (0.288) 

 

3. DOUBLE BOTTOM 
- floors 
- long. girders 

7.2.8.2/3 D1+D2+D3 
D2 (p) 
D2 (p) 

1.02 (0.010)  
1.57 (0.222) 
1.57 (0.222) 

 
1.35 (0.149) 
1.35 (0.149) 

4. DOUBLE BOTTOM 
- floors 
- long. girders 

 
7.2.8.2.1 
7.2.8.2.1 

 
D2pop +0.3 (D2uzd+ D1) 
D1+D2uzd +0.3 D2pop 

  
1.38 (0.160) 
1.23 (0.103) 

 

5. FRAMING 
- frames, web frames 
 
- longitudinals  

 
8.1.2.1.4 
8.2.4.2 
8.2.3.1 

 
D2+D3 
 
D2+D3 
D1+D2+D3 

 
1.31 (0.134) 

 
 

1.02 (0.010) 

 
1.57 (0.222) 

 
1.57 (0.222) 

 
1.35 (0.149) 

 
 

1.35 (0.149) 

6. DECK  
- general 
- cantilever beams 
- beams 
- top of coaming + 
  flange of girder  
- top of coaming + 
   flange of girder  
- coaming at deck level  

 
9.1.2 
9.4.2.1 
9.4.2.1 
9.5.2.3 

 
D2+D3 
D2+D3 
D2+D3 
D1+D2+D3 
 
 
D2 
D2 

 
1.31 (0.134) 

 
1.31 (0.134) 
1.02 (0.010) 

 
1.57 (0.222) 
1.88 (0.306) 
1.57 (0.222) 
1.18 (0.083) 

 
 

1.57 (0.222) 
3.36 (0.541) 

 
1.35 (0.149) 
1.69 (0.257) 
1.69 (0.257) 
1.5 (0.200) 

7. TANKS 
- stiffeners and girders 

 
11.2.3.2 

D2+D3 
D2+D3, (static-test) 

1.31 (0.134) 
1.18 (0.083) 

1.57 (0.222)  
1.31 (0.134) 

1.35 (0.149) 
 1.13 (0.06) 

 GENERAL 

8. STIFFENED  PANEL 
- plating 
 
- stiffeners  
 

  
D1+D2+D3 
 
D1+D2+D3 
D2+D3 

 
1.02 (0.010) 

 
1.02 (0.010) 
1.31 (0.134) 

 
1.12 (0.057) 

 
1.12 (0.057) 
1.57 (0.222) 

 
1.23 (0.103) 

 
1.35 (0.149) 
1.35 (0.149) 

9. STRONG TRANSVERSE 
GIRDER 

 D1+D2+D3 1.31 (0.134) 1.38 (0.160) 1.35 (0.149) 
 

10. STRONG 
LONGITUDINAL 
GIRDER 

 D1+D2+D3 1.02 (0.010) 1.23 (0.103) 1.35 (0.149) 

2D/3D FEM models - very fine mesh 

11 Direct  notch stress  Dmax    (D1+D2+D3 ) 0.91 (-0.047) 

 
 

D.5.3 Library of feasibility criteria 

- buckling  

Criteria for verification of feasibility at struc-
tural buckling (Buckling) are specified in Table D.5.1.1, in 
accordance with the Rules, 4.6. 

The required safety factors are included into 
feasibility criteria of CREST program, in accordance with the 
Rules. 

Global safety factor for buckling and adequacy 
factor (gHRB) are specified in Table D.5.3. 
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Table D.5.3  

 
No. 

 

Structural  element 

 

Rule 

 

Demand D1, D2, D3 

Safety factor and minimum 

adequacy factor for buckling 

criteria (gHRB) 
(valid for all models) 

1. STIFFENED  PANEL 

- plating (local buckling) 

- stiffeners  

  

D1+D2+D3 

D1+D2+D3 

 

1.0 (0.0) 

1.1 (0.048) 

2. STRONG TRANSVERSE 
GIRDER 

 D1+D2+D3 1.1 (0.048) 

3. STRONG LONGITUDINAL 
GIRDER 

 D1+D2+D3 1.1 (0.048) 

 

 

 

D.5.4 Presentation of the results of 

the feasibility criteria verification 

(yielding and buckling) 

For presentation of feasibility criteria the fol-
lowing is to be submitted: 

- graphic layout of realised safety factor γ 
(adequacy factor g) for all elements in re-
lation to the given feasibility criteria in 
accordance with the Rules, in sufficient 
number of views, 

- identification (graphical and/or tabular 
lay out) of structural elements, load cases 
and feasibility criteria (yielding, buck-
ling), where Rules requirements are not 
satisfied, 

- comment relating to those structural ele-
ments for which the Rules requirements 
are not met, with respect to feasibility cri-
teria due to equivalent or simplified mod-
elling (especially for coarse mesh mod-
els), 

- detailed control of stress condition of 
those structural elements, for which the 
Rules requirements for feasibility criteria 
(buckling or yielding) are not met, 

- additional comments to the results 

D.5.5 Modification of structural 

elements 

All structural elements, which do not meet the 
feasibility criteria, as per Section 5, should be modified by 
changing their dimensions. 

All changes should be clearly documented and 
submitted to the Register. 

In case of performing new FEM calculation, the 
procedure for verification and presentation of results, should 
be repeated, in accordance with Sections 4 and 5, in this case 
for the re-dimensioned structure. 
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